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WATER RHEOSTATS. 

One of the oldest types of resistances used for laboratory 
and commercial testing is that known generally as the water 
rheostat. It has been made in innumerable forms; is simple, 
inexpensive, and gives a continuous variation of resistance. 
These are its main advantages, and in alternating-current work 
it is, for all practical purposes, non-inductive, the slight capacity 
This 


device has, nevertheless, some serious objections which hinder 


effect being negligible except for very low potentials. 
its wider use. First of all, it is dirty, and when absorbing 
much energy it is apt to give off steam, which is frequently 
objectionable. For absorbing large loads it ‘is bulky, and 
unless an ample supply of water is available it does not give 
a constant resistance. If used continuously, the electrodes cor- 
rode. Its resistance, when first put together, is an uncertain 
quantity, since everything depends upon the purity of the 
water. Generally, for laboratory and low-potential tests, this is 
not objectionable, since it is necessary to add salt or soda 
anvhow, in order to reduce the resistance to a suitable value. 
For high-potential work, however, this uncertainty may be 
troublesome, because it is necessary to depend upon the avail- 
able water supply, particularly when a constant flow is required 
to keep the temperature of the rheostat down; and if the 
resistance of the water in one place is twenty-five or fifty times 
greater than that in another, one can not say beforehand just 
what size of rheostat will be required for any particular test. 
An instructive instance of this kind is given in the Electric 


Mr. N. J. Wilson. 


calling for the rheostat was the tests undertaken to determine 


Journal for November, by The occasion 


the steam consumption of turbo-generators installed in the 
Chelsea power-house of the District Railway Company, of Lon- 
don. The usual method of testing an alternator is to circulate 
the power, or to put an inductive load upon it which will give 
rise to full-load losses without wasting the power correspond- 
ing to the full load of the machine. But in this case it was 
the turbine that was to be tested and not simply the generator, 
so that to load the former machine it was necessary to load 
the latter; and in such a test the specifications may call for a 
non-inductive load, which is rather difficult to secure by means 
of motors and other similar power consumers. 


It was therefore decided ‘to use a water rheostat. The first 


type tried consisted of three long rectangular boxes, each con- 
taining high-potential electrodes, the three boxes being con- 


nected together by neutral electrodes placed at each end so as 


to prevent a high difference of potential between the ends of 
- 
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the boxes, at which points the water flowed in and out. 


the case, because heavy currents will pass through the wood 
and set fire to it. After an attempt to overcome this difficulty, 
the wooden box type was abandoned, and a large iron tank, 
The 


live electrodes consisted of three copper rods arranged in an 


fifteen feet in diameter and ten feet deep, was used. 


equilateral triangle rather near the centre of the tank and 
enclosed within terra-cotta pipe. Neutral electrodes were placed 
in the tank to give control of the load, and at the same time to 
avoid danger to the men conducting the test. It was found, 
however, that the best way to control the load was to vary 
When 


this pipe was removed entirely, the resistance was too low, and 


the height of the pipe surrounding the live electrodes. 


although it could be increased by decreasing the size of the 
electrodes, this led to arcing and unstable conditions. The load 
absorbed by this rheostat was 5,500 kilowatts, at 11,000 volts, 
three-phase. Indeed, it was found possible to absorb 8,000 
kilowatts at the same voltage. 

It is rather interesting to note, that although the power 
could not be saved, as is done in the circulating-power tests, it 
was not all wasted, as the hot water flowing from the rheostat 
was used as feed water for the boilers, though not all of it was 
saved in this way. 

Mr. Wilson also describes briefly another water rheostat 
employed for testing the equipment at the stations of the Clyde 
Valley Power Company. In this case, the tanks, which were 
fifteen feet in diameter and five feet deep, were built up of 
brick, and as the water available at this point was purer than 
that used for the former testing, there was no difficulty in 
It is probable that the 


water rheostats used in these tests were the largest ever con- 


securing the necessary high resistance. 


structed. They seem to have performed the service satisfactorily, 
and, taking everything in consideration, the apparatus was really 
simple. In such work it is, of course, necessary to take great 
precautions in order to insure the safety of the testing engineers, 
but such precautions are always to be taken when working with 


high potentials. 





A NEW TYPE OF ALTERNATOR. 

The application of the steam turbine for general power 
purposes was made possible through the electric generator, 
because the high speeds which are most suitable for turbine 
operation are not suitable for driving many mechanical devices. 
Even when applied to ship propulsion the speed of the turbines 
must be lower than that desirable, for mechanical reasons, in 
order that the propellers may run at a decent efficiency. How- 
ever, to enable the steam turbine to be run at those speeds 
which give the best results has necessitated some rather radical 
departures in the design of the dynamo which it is to drive. 
When coupled to a direct-current generator special care must 


be taken in the design of the armature and commutator, and 


when it drives an alternator, the revolving field of the latter, 
as constructed to-day, bears but little resemblance to the stand- 
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But 
wooden boxes proved unsatisfactory, as is generally found to be 





Vol. 51—No. 20 


ard type of revolving field of a machine driven by a reciprocat- 
ing’ engine. These changes in design have in general been 
necessary to meet the mechanical conditions introduced by the 
high speed of operation, but the high speeds have also brought 
about certain electrical complications. In driving alternators 
there is not a free choice of speed, because the frequency of the 
latter is more or less fixed, according to the purpose for which 
the machine is intended, and the high speed of the direct-cur- 
rent armatures makes commutation somewhat more difficult. 

There are also other troubles which, although they may 
have existed in the slower-speed machines, only become of con- 
sequence when the speeds are high. One of these is described 
in an article appearing in a recent issue of Elektrotechnik und 
Maschinenbau, which is contributed by Mr. F. Punga and 
Dr. W. Hess. This is the electromotive force set up in the 
shaft of the rotating field of alternators driven by turbines, 
which is due to an unbalanced magnetic circuit. The cause 
is easily understood by considering a four-pole revolving field 
with the armature split along the horizontal plane. Supposing 
the field magnet to be standing with its poles vertical and 
horizontal, the magnetic paths from pole, through the arma- 
ture and back through the neighboring poles and shaft, are all 
similar because the joint in the armature core comes opposite 
the central plane of the two horizontal field poles. When, how- 
ever, the field magnet is moved through an angle of forty-five 
degrees, the two joints in the core are in the paths of two 
of the four magnetic circuits, and however perfect the joint may 
be, it does introduce some reluctance; hence the magnetic flux 
through these two paths, which include the horizontal quadrants 
of the armature core, will be somewhat less than the other two 
paths including the vertical segments of the core, since in the 
latter there are no joints. For this reason, as the field revolves, 
there will be a variation in the flux not only along the armature 
core but across the field magnet shaft, and this variation will 
set up an electromotive force having, in general, the same fre- 
quency as that produced in the armature itself. This condition 
is not limited to the turbo-generator, but only in the latter 
is the electromotive force set up large enough to give trouble, 
and this is due to the peculiar construction of the field (the 
pole pieces usually being attached directly to the shaft), and to 
the high speed at which the latter revolves. 

This electromotive force, while it gives rise to a small loss, 
is mainly troublesome because of the heating and wearing which 
The ‘oil film has not sufficient 
resistance to prevent a considerable current from flowing, with 


it causes at the bearings. 


a consequent excessive friction and wearing of the bearing 
surface. 

To overcome this, the current can be stopped by insulating 
the bearings, but it is better to avoid it by preventing the gen- 
eration of the electromotive force by the unequality of the mag- 
netic circuits. This can be done by dividing the magnetic cir- 
cuit into a proper number of segments. In general, if the ratio 
of the number of segments to twice the number of pairs of 
poles is an even number, no electromotive force will be set up. 











November 16, 1907 


The authors have tested the explanation just given of this 
current flow in the generator shaft, and found that the values 
measured were in fair agreement with those computed. Experi- 
ments in this case were conducted with the armature segments 
separated somewhat, so as to increase the reluctanc? of the 
joint. These experiments suggested that the effect might be 
made use of to construct an alternator of low voltage and 
high current output. This can be done by introducing gaps in 
the armature core at suitable points. In such a machine there 
is, of course, no armature winding, and cne would at first be 
inclined to compare it to a machine of the inductor type; but 
this term, as used, designates that type in which the field and 
armature coils are stationary and an inductor alone revolves. 
In the new type there is no armature winding, as already 
observed, and in this respect the machines resembles the so- 
called homopolar direct-current type. But there is a revolving- 
field magnet which is carried on the part in which the currents 
are introduced. In such a machine the bearings must, of course, 
be insulated and the current taken from the shaft by suitable 
slip-rings. 

This is an ingenious arrangement, and the type might pos- 
sibly find application for electric furnace purposes where large 
currents and low voltages are needed; but it seems as though 
the design could be improved by inverting it and making the 
resemblance to the inductor type of alternator still closer. 
This would have several advantages, doing away with the insu- 
lated bearings and slip-rings, reducing the laminated core to a 
minimum, and simplifying considerably the mechanical design. 
It would probably also be found well to alter the type so that 
the currents would be set up in copper sheets rather than in the 
iron, The decrease in internal losses thus secured would more 
than offset the increased reluctance in the magnetic circuit. 
In such a machine serious armature reactions must be expected. 
Indeed, this has been one of the difficulties retarding the use 
of the inductor alternator and of the homopolar direct-current 
generator. 








THE RADIOACTIVE FAMILY. 

In a recent issue of the ELectricAL REVIEW note was made 
of the very careful experimental work conducted by Dr. B. B. 
Boltwood, which enabled him to isolate a new radioactive ma- 
terial, which he believes is the immediate parent of radium and 
for which he proposed the name “ionium.” This suggestion 
has met with certain criticisms, and in a recent issue of Nature 
(London), Dr. E. Rutherford also expresses his dislike for 
the term, although he believes that those materials which 
can be isolated for a sufficient length of time to be studied care- 
fully should have distinctive names. To the suggestion that 
ihe plan introduced by himself of lettering the different sub- 
stances existing during the various stages of disintegration be 
generally adopted, he replied that while satisfactory at first, 
this scheme is not now so suitable, as intermediate products 
are being found which spoil the continuity of the series. 

Dr. Rutherford says, however, that including iranium and 
thorium twenty-four distinct radioactive substances are now 
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known to exist, and he believes that this nearly exhausts the 
field; and when there is a general consensus of opinion that 
this is the case, and no more to be looked for, then some such 
classification could be adopted with satisfaction. 

Until the phenonemon of radioactivity was recognized and 
drew so much attention, the discovery of a new chemical ele- 
ment was a matter of considerable scientific importance. It 
would, therefore, be interesting to know how the chemist feels 
towards these new applicants for position in the chemical 
series. Are all of the new substances to be considered as ele- 
ments; and if so, where should they be placed? If they are 
not elements, as understood by the chemist, what place in the 
science do they occupy? This recent advance in physical science 
seems to have provided chemistry with work enough to keep 
it busy for some time to come. 





TRANSATLANTIC WIRELESS SERVICE. 

Since the Marconi company opened the transatlantic serv- 
ice on October 17, the daily papers on this side of the water 
have published many messages marked as having been trans- 
mitted in this way; some of the papers have made a feature 
of this new service. 

No one, of course, expects the new service at once to make 
great inroads into the well-established cable service, but it 
seems that in some quarters disappointment is felt. Our 
esteemed contemporary, the Llectrician, of London, in its 
issue of November 1, says that up to the time of writing it 
had noticed but one press message transmitted by wireless 
since the opening day. ‘The speed of transmission, it asserts, 
seems to be nearer three than thirty words a minute as asserted. 
Evidently the room for improvement is wide. 

Our contemporary also shows how small must be the effect 
on the present cable service of any wireless system which can 
be put to immediate use. It is said that during a busy hour 
25,000 paying words pass to and from England by means of 
the cables, and to make any inroads in this heavy traffic a 
large number of wireless stations would be necessary. It has 
not yet been proved that non-interference for many stations 
has been attained, nor has the problem of secrecy been solved. 
In reply to these criticisms the wireless system might very 
justly point out that the first transatlantic cable was not laid 
in a day, and a number of years elapsed before permanent 
communication was established. The wireless system has, as 
every one knows, a good many difficulties to overcome, but there 
is no theoretical reason why this can not be done satisfactorily. 

The most urgent problem in wireless telegraphy is to secure 
syntonization. There are two ways of attacking this. One is 
to design the transmitting and receiving systems so that they 
are, so to speak, opaque to all waves not of the desired fre- 
quency. A good deal has been done in this direction. But until 
some means of producing waves of a definite and constant fre- 


quency is available, interference between systems will occur. 
The oscillating arc seems to be a step in the right direction, 
but only a step, and to-day, mechanical means for setting up 
the oscillations is being sought. 
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THE ARC AND THE SPARK IN RADIO- 
TELEGRAPHY.' 


BY W. DUDDELL. 


There are three methods of producing 
these currents—namely, the alternator, 
the spark, and the are methods. There 
are great difficulties in the way of con- 
structing an alternator to give such high- 
frequency currents. Suppose that it is 
required to build an alternator to work at 
the lowest frequency—namely, 100,000 
periods per second—and let us assume 
that we can drive this alternator by means 
of a turbine at the high speed of 36,000 
revolutions per minute. This alternator 
could not have a diameter much above 
six inches for fear of bursting, and, as it 
makes 500 revolutions per second, it would 
have to generate 200 complete periods for 
each revolution, so that the space avail- 
able for the windings and poles for one 
complete period will be less than 0.1 
inch, a space into which it is quite im- 
possible to crush the necessary iron and 
copper to obtain any considerable amount 
of power. In spite of the small space 
that we have allotted to each period, as 
there are 100,000 periods per second, the 
speed of the surface of the moving part 
works out at over 500 miles per hour. A 
small alternator has been built to give 
over 100,000 frequency, but the amount 
of power it produced was extremely small. 

The earliest method of producing high- 
frequency oscillations was proposed by 
Lord Kelvin, who pointed out that if a 
Leyden jar, or condenser, be allowed to 
discharge through a circuit possessing self- 
induction, or electrical inertia, then, un- 
der certain conditions, the discharge of 
the jar is oscillatory—that is to say, that 
the electricity flows backwards and_ for- 
wards in the circuit several times before 
the jar or condenser becomes finally dis- 
charged. In practice the aerial conductor 
acts as a Leyden jar or condenser. It is 
charged with electricity and allowed to 
discharge, the current oscillating back- 
wards and forwards in the aerial during 
the discharge. In many installations Ley- 
den jars or condensers are electrically 
connected to the aerial, so that the oscil- 
lations taking place in them are transmit- 
ted to the aerial. For wireless telegraphy 
it is usual to charge the condensers, or 
aerial, by means of an induction coil, or 
an alternator, to a very high voltage, and 
it is allowed to discharge by means of a 
spark between’ the two electrodes which 
form the ends, so to speak, of a gap in 

1 Evening discourse delivered before the British Asso- 


ciation for the Advancement of Science, at the recent 
Leicester meeting. Abstracted. 
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the electrical circuit. As long as the 
pressure is low the spark-gap is a perfect 
insulator; when the pressure becomes high 
enough the air between the electrodes 
breaks down and a spark passes, the gap 
becomes conducting, and allows the con- 
denser to discharge. The property of the 
spark-gap of passing almost instantane- 
ously from a condition of being an insu- 
lator for electricity to being an extremely 
good conductor for electricity is of the 
utmost value in the spark method of wire- 
less telegraphy. The more perfectly the 
spark-gap is insulated before the discharge 
takes place, and the more perfectly it 
conducts after the discharge has taken 
place, the better it is for our purpose. 

If a large quantity of electricity is dis- 
charged through the spark-gap, and if the 
spark lasts a very short time compared 
with the interval between successive 
sparks, then a highly conducting spark 
can be obtained, as well as a good insula- 
tion between the sparking terminals when 
no discharge is passing. In order to help 
to bring the gap back to its insulating con- 
dition after each discharge, many devices 
are employed, such as subdividing the 
spark into several shorter sparks, cooling 
the electrodes, blowing air across the 
spark-gap, etc. When the condenser, or 
antenna, discharges through the spark- 
gap, oscillations are set up which radiate 
Hertzian waves. In practice, in wireless 
telegraphy, it is difficult to obtain a large 
number of oscillations during each dis- 
charge. A large number of oscillations 
means, if we keep the amplitude of each 
the same, that we are radiating a large 
quantity of energy. Besides, this radiated 
energy, which is useful for transmitting 
messages, there is also energy wasted in 
heat in the spark-gap, in the conductors, 
in the glass, or other insulation of the 
condensers. It is this useless part which 
we require to make as small as possible. 
I have lately had an opportunity to de- 
termine how many oscillations actually 
take place in a certain wireless transmis- 
sion. The experiment was made by pho- 
tographing the spark as seen in a mirror 
rotated at a very high speed, and it was 
found that each spark consisted of nine 
or ten complete oscillations. If all the 
oscillations had been of equal strength or 
amplitude, then there would be very lit- 
tle to be gained by increasing the number 
of oscillations. As the oscillations die 
away in the spark method, two or three 
times this number would probably be re- 
quired for the best effect. As a matter of 
experiment, very good tuning has been 
obtained. 
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The arc method of producing continuous 
oscillations is founded on my musical 
arc. In order to explain this I must 
demonstrate some of the properties of the 
direct-current are. If I vary the current 
flowing through the are very slowly and 
note the potential difference corresponding 
with each value of the current, keeping 
everything else constant, I obtain a curve 
generally spoken of as the characteristic 
of the are. With the carbon arc between 
electrodes in air the voltage decreases 
very rapidly when the current is gradually 
increased, starting from very low values. 
As the current becomes larger the rate of 
decrease of the voltage becomes less and 
less, until it is, comparatively speaking, 
quite small, with a current of ten or 
twelve amperes. With the are between 
metal electrodes similar results are ob- 
tained, except that the discontinuity in 
the curves, called the hissing point, takes 
place at very small currents, generally well 
below an ampere. With arcs burning in 
hydrogen, Mr. Upson has found that the 
curves are generally much steeper for the 
larger values of the current than for the 
corresponding arcs burning in air. This 
point is of great importance as explain- 
ing the value of the hydrogenic atmos- 
phere used by Poulsen and referred to 
later. In general, I may, therefore, say 
for the above arcs that increase in current 
through the are is accompanied by de- 
crease of potential difference between its 
electrodes, and, vice versa, decrease of the 
current causes increase in the potential 
difference. On the other hand, certain 
ares, such as the are between cored car- 
bons, behave in an opposite manner—that 
is to say, current and potential difference 
increase and decrease together. 

I demonstrated in 1900, that if I con- 
nected between the electrodes of a direct- 
current are (or other conductor of elec- 
tricity for which an increase in current is 
accompanied by a decrease in potential 
difference between the terminals) a con- 
denser and a self-induction connected in 
series, I obtain in this shunt circuit an 
alternating current. I called this phe- 
nomenon the musical are. The frequency 
of the alternating current obtained in this 
shunt circuit depends on the value of the 
self-induction and the capacity of the 
condenser, and may practically be cal- 
culated by Kelvin’s well-known formula. 
Besides the condition that an increase of 
current must be accompanied by a de- 
crease in potential difference, it is nec- 
essary that the relative decrease in poten- 
tial difference, produced by-a given in- 
crease in current—that is to say, the 
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steepness of the characteristic—shall ex- 
“ceed a certain minimum value, which de- 
pends on the losses in the shunt circuit. 
It is also necessary that an increase in 
current shall be accompanied by a decrease 
in potential difference, even when the cur- 
rent is varied very rapidly. 

At the moment of connection of this 
shunt circuit to an arc, a current flows 
from the are circuit into the condenser cir- 
cuit which tends to reduce the current flow- 
ing through the are. This reduction of the 
current through the are tends to raise the 
potential difference between its terminals, 
and causes still more current to flow into 
the condenser circuit, resulting in a con- 
denser charged above the normal voltage 
of the are. The condenser, therefore, be- 
vins to discharge through the are, which 
increases the are current and decreases the 
potential difference, so that the condenser 
discharges too much; the reverse process 
then sets in; the condenser becomes suc- 
cessively overcharged and undercharged, 
due to the fact that, instead of the po- 
tential difference between the 
of the are remaining constant and allow- 
ing the condenser to settle down with its 
proper corresponding charge, the potential 
difference actually decreases when the 
condenser is discharged and _ increases 
when it is charging, so as to help to keep 
up the flowing backwards and forwards 
of the current indefinitely. Oscillograph 
wave-forms show what is going on very 
clearly, and they show that in general the 
swing of the current in the condenser 
circuit attains such a magnitude that 
when the condenser is charging it takes 
the whole of the current away from the 
are, so as to make the arc, although burn- 
ing on a direct current, a pulsatory arc. 
The pulsation of the current through the 
are causes the vapor column to grow big- 
and smaller and the light to vary. 
When the vapor column grows bigger and 
smaller it displaces the air around it and 
produces a note the pitch of which is 
determined by the frequency of the cur- 
rent in the shunt circuit. 

For wireless telegraphy, by means of 
Hertzian waves, based on the are method, 
we require high frequencies in the shunt 
circuit. If we attempt to obtain this high 


terminals 


eer 


frequency from the ordinary are, burning 
between solid carbons in air, we find that 
above a certain limit the oscillations will 
no longer take place. This is due to the 
fact that we are varying the current 
through the are, at this higher frequency, 
too quickly for an increase in current to be 
accompanied by a decrease in potential 
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difference. I have demonstrated that if I 
only vary the current through the ordin- 
ary current are sufficiently rapidly, then 
an increase in current is accompanied by a 
proportionate increase in the potential dif- 
ference, and the are behaves just like an 
ordinary resistance. If we work with very 
small current ares we can obtain high-fre- 
quency musical are burning in air either 
between carbon or metal electrodes. 

In both the are and the spark methods 
of wireless telegraphy we employ a high- 
frequency alternating-current in the aerial 
conductor. The essential difference be- 
tween the two methods lies in the fact that 
with the spark method our alternating- 
current in the aerial conductor first in- 
creases to a maximum value and then dies 
away rapidly, making only a limited num- 


ber of oscillations, whereas in the are 
method the oscillations are maintained 
continuously of unvarying amplitude. 


With the are method we are further able 
to choose the number of consecutive oscil- 
lations which make up each signal suffi- 
ciently great to obtain the very best syn- 
tony. On the other hand, improvement in 
the arrangement and construction of the 
apparatus for the spark method has so in- 
creased the number of oscillations corre- 
sponding with each spark that it may be 
that we shall be able to obtain a sufficient 
number in each train to give as good syn- 
tony by this method as that obtained with 
the are method. ‘The arc method seems 
eminently suitable for very high speeds 
of working. As the oscillations are quite 
continuous, we can cut them up into 
groups to form the dots and dashes of the 
Morse alphabet, just as if we were working 
with a continuous current such as is used 
on land lines, so that there seems no rea- 
son why as high a speed of working should 
not be obtained from the are method of 
wireless telegraphy as is obtainable by au- 
tomatic signaling on land lines; for it is 
to be noted that the dot, or shortest signal 
of the Morse alphabet, even at a speed of 
300 or 400 words per minute, will last 
long enough to consist of many hundreds 
of oscillations of the current in the aerial, 
so that there will be plenty of oscillations 
in the group forming the dot to give good 
syntony. 

Turning to the spark method for high 
working speeds, we find a difficulty in that 
the dot of the Morse alphabet must at 
least occupy the average time required to 
charge the condenser or aerial and produce 
one spark, and preferably sufficiently long 
for several. We are, therefore, obliged, in 
the spark method, to use a high rate of 
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sparking for high-speed signaling. This 
difficulty has not become very serious with 
the present low speeds of sending. When 
we come to use considerable amounts of 
power to transmit messages over long dis- 
tances, and we also require a high speed of 
working, the practical difficulty in con- 
structing apparatus suitable for  suffi- 
ciently rapid sparking will become serious. 
Marconi, in 1905, claimed to have already 
reached a speed of 100 words per minute 
by the spark method, and lately there has 
appeared in the technical press examples 
of high-speed signaling by the British 
Post-Office over a distance of fifteen miles, 
in which readable signals were received 
at a speed of seventy words per minute. 

Turning to the receiving end, almost all 
the receivers that have been used in the 
spark method can be equally well used for 
the are method: for it must be remem- 
bered that the transmission in either case 
is affected by Hertzian waves traversing 
space, and that the only fundamental dif- 
ference consists in the number of oscilla- 
tions in each train of waves. It must be 
noted, however, that in those methods in 
which a telephone receiver is used, it is 
necessary to break up the continuous oscil- 
lations of the are method into groups suc- 
ceeding one another sufficiently rapidly to 
produce an audible sound in the receiver, 
for in the spark method the sounds we 
hear in the receiver correspond with the 
succession of impulses of the diaphragm, 
one for each spark at the transmitter. 
This chopping up of the continuous wave- 
train so as to produce audible signals in 
the receiving apparatus can be done either 
at the transmitting end or in the receiv- 
ing apparatus. An example of this latter 
method of Poulsen’s “ticker.” 

An extremely interesting development 
which is now progressing rapidly, owing 
to the possibility of producing continuous 
oscillations by the are method, is wireless 
telephony. Suppose that we can vary the 
intensity of the oscillations in a manner 
corresponding with the vibrations of the 
air which constitutes sound and speech, 
then we should obtain at the receiving sta- 
tions a train of Hertzian waves whose am- 
plitude varies in a corresponding way; by 
allowing these waves to act on a tele- 
phonic receiver which is sensitive to the 
intensity of the waves we shall obtain in 
the telephone a reproduction of the sounds. 
This has actually been carried into effect 
by employing an ordinary microphone to 
modify the current through the transmit- 
ting are so as to vary the intensity of the 
oscillation current produced, and by em- 
ploying what is known as a “point detec- 
tor” and a telephone at the receiving sta- 
tion. 

Another method which may be used con- 
sists in causing the microphone to vary the 
frequency of the oscillation of the genera- 
tor, and by arranging the receiver so that 
it is more or less strongly affected accord- 
ing to the frequency of the received waves. 
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Results of the Application of- 
the Duddell Circuit to Wire- 
less Telegraphy and Tele 
phony and Some Possible 
Improvements. 

At a recent meeting of the Italian Elec- 
trical Association, held at Parma, Septem- 
ber 25, a paper was presented by M. Gino 
Campos, which discussed the use of the 
Duddell oscillating circuit for wireless 
transmission of signals and the possibility 
of providing some more satisfactory means 
for setting up undamped oscillations. The 
following abstract of this paper has been 
furnished by the author. 

In the first part of the paper M. 
Campos points out the great importance 
to radio-telegraphy of securing a genera- 
tor of undamped electrical oscillations, 
and he recalls that as early as March, 
1903, in a paper entitled “The Duddell 
Circuit and its Possible Applications to 
Wireless Telegraphy and Telephony” he 
dealt with this subject and suggested that 
the Duddell are was likely to be of great 
use in the field of wireless telegraphy, 
saying the possibility of obtaining fre- 
quencies of 100,000 from the arc had 
already been indicated. This has since 
been confirmed. In this earlier paper 
the author also examined the different ar- 
rangements which could be made in order 
to utilize the Duddell circuit, and he 
pointed out the possibility of increasing 
the rapidity of radio-telegraphic signals 
by its means, and also of obtaining syn- 
tonization. He particularly considered 
the possible application of this arrange- 
ment to wireless telephony, either by caus- 
ing a variation in the frequency of the 
oscillations, or a modulation of the emit- 
ted waves. 

Certain experimenters in Italy and 
elsewhere, who have busied themselves 
with the problem of wireless telephony, 
have thought it preferable to use discon- 
tinuous discharges, believing that the or- 
dinary arc would not enable them to ob- 
tain frequencies above thirty or forty 
thousand. Others, on the contrary, par- 
ticularly in France and Germany, have 
studied the oscillating arc and its applica- 
tions, and have made valuable contribu- 
tions to our knowledge of the effect of 
the kind of electrode and the medium 
surrounding the arc and its peculiarities. 
Notable improvements have been made 
recently by Poulsen, particularly by op- 
erating the arc.in hydrogen, by placing it 
in a magnetic field, and by using revolv- 
ing, cooled electrodes. 

During the past year great and im- 
portant progress in the use of the new 
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system has been made, and it is already 
employed at a number of stations. Not 
only by means of it has communication 
been established across two thousand 
miles, but it appears that it is possible 
to telephone through this distance from 
a ship, and wireless telephony can be ac- 
complished perfectly and with some prac- 
tical applications. It is not believed that 
particular difficulty will be found in cov- 
ering even greater distances, and we are 
ready to establish trans-oceanic wireless 
service by means of the new system. Some 
even think that it will be possible to ob- 
tain trans-oceanic wireless telephony more 
easily by means of the oscillating arc 
than through submarine cables. In 
general, it is believed that the use of 
persistent oscillations, obtained by means 
of the arc, or by any other method, is 
destined to replace wireless signaling as 
accomplished at present by means of dis- 
continuous discharges. 

It may be noted that while certain of 
the improvements pointed out by Poulsen 
are, in a way, very useful, particularly 
since they increase the energy available 
for signaling, they are not essential nor 
indispensable. Recent experiences have 
shown that they can be replaced to ad- 
vantage by other arrangements, which 
were discussed by the author in his recent 
paper. For example, the hydrogen may 
be replaced by an atmosphere of water 
vapor or compressed air, and it is prob- 
able that steam under pressure would 
give very good results. Use might also 
be made of cathodic valves, or exhausted 
tubes, as previously indicated by the 
author, instead of the arc; particularly 
on account of the regularity of opera- 
tion which one can hope to obtain in this 
way. 

In the second part of this communica- 
tion, M. Campos considers the possibility 
of obtaining a mechanical generator of 
persistent electrical oscillation, to replace 
the arc. In the Duddell circuit, by an 
electromagnetic arrangement satisfying 
certain conditions and algebraic relations, 
which have been deduced by Duddell and 
others—that is to say, so as to produce a 
descending characteristic—it is possible 
thus to obtain, in the oscillating circuit, a 
series of persistent electromagnetic oscil- 
lations. An arrangement satisfying the 
conditions demanded is the series dynamo. 
The author believes that, as has already 
been proposed, the use of a series dynamo 
with armature and field cores carefully 
laminated, would present the troubles due 
to the hysteresis of the iron, if certain 
special precautions be not taken. This 
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effect could be diminished by a suitable 
choice of self-induction; or, better, it 
could be compensated for by using an 
auxiliary exciting circuit in addition to 
the main field circuit. 

With a shunt dynamo excited by a suit- 
ably chosen winding, and synchronized 
with the principal circuit, it is possible 
to obtain a characteristic resembling that 
of the series dynamo. Possibly this might 
be used for the same purpose. In this, 
the use of iron could also be compensated 
for. On the other hand, because of the 
limited power demanded, dynamos with- 
out iron could probably be used satis- 
factorily, and they would correspond 
much better to the most favorable condi- 
tions. 

In general, whether series or shunt 
dynamos be used, it may be remarked 
that by the use of commutating slip-rings, 
it is possible to obtain groups of oscilla- 
tions, by periodical variation in the in- 
tensity, the length of the wave, the form, 
etce., of the oscillations. This probably 
would be very useful in some cases. That 
is to say, if it was desired to synchronize 
with the frequencies of commutation ir- 
respective of the frequency of the oscilla- 
tions themselves. In most cases now, and 
particularly for wireless telephony, the 
use of a source of oscillations truly con- 
tinuous and similar among themselves 
save for the modulations necessary for 
transmission will be found the _ best 
adapted; and the homopolar dynamo, that 
is to say, a machine without a commuta- 
tor, has some advantages over the ordinary 


dynamo. 

It can be concluded that the necessity 
is recognized of producing mechanically 
electrical oscillations, or at least a meth- 
od more industrial and regular than those 
which are now used. Certain companies 
are working now to solve this problem. 
Although at the beginning the use of the 
Duddell circuit appears to be esscutial, or, 
at least, very useful for such production, 
on the contrary the use of the are ap- 
pears to represent a transitory stage, 
destined possibly to be replaced by meth- 
ods more perfect. 
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The Tungsten Electric Lamp 
Company. 

The Tungsten Electric Lamp Company 
has been incorporated with a capital stock 
of $100,000, with the following incor- 
porators: G. G. Lockwood, A. C. Garri- 
son, H. B. Vanzwoll, A. S. Terry, L. P. 
Sawyer, H. H. Geary, J. C. Fish, H. C. 
Rice, E. H. Haughton, E. W. Gillmer, J. 
B. Estabrook, W. D. Packard, William 
Coale, E. J. Kulas. T. W. Frech, Jr., has 
been elected president of the company. 
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The Caffaro-Brescia High-Tension System. 


MONG the plants recently installed 
in Italy, the Caffaro-Brescia high- 
pressure hydroelectric plant in 

the town of Caffaro, in the northern part 
of the peninsula, is of especial interest. 
it has been installed for the purpose of 
utilizing the fall of the Caffaro river 
which, for a certain portion of its length, 
forms the boundary between Austria and 
Italy and empties into the Idro sea, to 
produce current for supplying light and 
power, principally for the soda manufac- 
turing plant at Brescia, but also to sup- 
ply the cities of Brescia, Manerbio, Cre- 
mona and Ponte Viggo. 

A dam has been built near the town of 
Bagolino which is provided with four 





Fig...1.—GENERAL VIEW OF CAFFARO 
PowER PLANT. 


head-gates from which the water is con- 
ducted to a collecting basin, through a 
greater portion of the distance by a tun- 
nel, and which basin is provided with 
gates and screens, while on one side of the 
chamber is an overflow. This basin is lo- 
cated 820 feet above the power plant and 
the water is conducted through two steel 
penstocks carried down the mountain 
slope. The penstocks are made.of riveted 
steel sections and are carried on concrete 
piers, there being two anchors for the 
total length and the expansion is taken 
up by expansion joints. 

At the side of the power-house the pen- 
stocks enter a chamber in which the two 
penstocks are joined, forming a loop. By 








By Frank Koester. 


the arrangement of valves either penstock 
may supply water to any of the turbines 


so that, in case of repairs being necessary, 








be seen that the latter consists of a main 
building with several wings. The annex 
at the left contains penstock and valve- 








Fig. 2.—INTERIOR OF GENERATING Room, CAFFARO POWER PLANT. 


either of the penstocks may be cut out, 
this provision being essential in high- 
pressure installations. 








chamber, a small filtering plant for filter- 
ing the water for operating the turbo- 


governor and other small auxiliaries. 








Fie. 3.—ExciterR Units, LigntinG Units IN THE BACKGROUND, CAFFARO PowER PLANT. 


The accompanying illustration, Fig. 1, 
gives a complete view of the collecting 
basin, penstocks and power-house. It will 


Another annex on the opposite side of 
the building contains the switchboard gal- 
lery, bus-bar compartments and trans- 
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former room. The outgoing feeders leave 
the tower shown at the right. The main 
building is 133 feet long by thirty-six feet 
wide. The entire ground area covered by 
the whole building is 5,350 square feet. 

The power-house is built of rough- 
faced stone while the roof is of tar and 
gravel. The interior of the generating 
room is plain and well provided with win- 
dows, the walls being plastered and of a 
white finish. The switchboard gallery is 
located at one side of the generating room 
and from this gallery the latter is fully 
exposed to view. 

The generating room, Fig. 2, is de- 
signed to accommodate five main turbo- 
generators and two exciter groups. 
Another hydroelectric group is also in- 
stalled in an annex for supplying current 
for lighting purposes only. 


Four of the main turbo-generators are 
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unit would be ample, the other being a 
reserve unit. At 600 revolutions per 
minute the exciter supply current, is 125 
volts, of 8,000 amperes. The efficiency of 
these 100-kilowatt generators is ninety- 
two per cent. 

located in the annex, as 
already stated, a hydroelectric unit for 
lighting purposes, making 840 revolutions 
per minute and of sixty horse-power. The 
generator is three-phase, forty-two cycles 
and furnishes 3,600 volts. The exciter 
units as well as the lighting units are 
shown in Fig. 3; the latter units will be 


There is 


observed in the annex, 

The switchboard gallery is about ten 
feet six inches above the generating room 
floor and contains the main controlling 
switchboard and the columns for the gen- 
erator instruments (see Fig. 4). Upon 
these columns are mounted the necessary 








Fic. 4.—SwircHBOARD GALLERY, CAFFARO PLANT. 


at present installed. The turbines are of 
the Pelton water-wheel type and develop 
2,500 horse-power with a head of 820 
feet and a flow of thirty-five cubic feet 
per second, at 315 revolutions per minute. 
The turbines are directly coupled to the 
generators by means of a flexible leather 
coupling;*Oerlikon patent. 

The generators supply current at a volt- 
9,000 to 10,500, 150 am- 
peres, forty-two cycles. The efficiency of 
the generators at an output of 1,760 kilo- 
watts and cos ®.= 1 is 95.8 per cent. 

There are two exciter units which are 
also connected by means of flexible coup- 
lings to Pelton wheels of 135 horse-power 
It will be noted that one exciter 


age from 


each. 


instruments and levers, one column sery- 
ing for each generator. Upon this gallery 
will also be found another column upon 
which are mounted the instruments for 
the exciters. There is, furthermore, one 
main controlling column from which all 
the generators and exciter units may be 
controlled, either for throwing the gen- 
erators in parallel or throwing the gen- 
erators on either of the main bus-bars. 
Directly behind these columns, the switch- 
board for 40,000-volt oil switches is lo- 
cated, made up of structural steel faced 
with white marble slabs and perforated 
iron panels. A small switchboard is lo- 
cated at one end of the gallery for a small 
storage battery of 150 ampere-hours. The 
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battery, serving for lighting purposes, is 
made up of sixty-seven cells. 

The transformer room is designed to 
accommodate seven transformers, but 
three being installed at present, four of 
the transformer compartments being held 





Fic. 5.—LIGHTNING ARRESTERS, CAFFARO 
PLANT. 


in reserve for future use. A track is pro- 
vided in front of these compartments, a 
truck being used on this track for hand- 
ling the transformers when repairs be- 








Fie. 6.—Bus-Bar Room, CAFFARO PLANT. 


come necessary. The track is located in a 
trench beneath the floor level, so that the 
top of the truck may come level with the 
floor. The transformers have a capacity 
of 1,760 kilowatts each, weighing about 
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thirteen tons, and are wound for a step- 


up from 9,000 or 10,500 volts to 40,000 
and 46,000 volts respectively. 
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The bus-bar chambers, also constructed 
of concrete, are unlike those used in this 
country as will be seen in Fig. 6. These 
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Fig. 7.—Types or PoLes EMPLOYED IN TRANSMISSION LINE, CAFFARU-BRESCIA PLANT. 


The floor above the transformers con- 
tains the 40,000-volt bus-bar system, the 
oil switches and various apparatus. Of 
these each individual apparatus is placed 








compartments are not with 
doors. 
The outgoing feeders leave the building 


from the upper floor of the switch tower, 


provided 





Fig. 8.—RoOTARY CONVERTER STATION AT BRESCIA. 


in concrete cells as indicated in Fig. 5, 
showing lightning arresters, which are of 
the “horn” type, working in conjunction 
with a water-flow rheostat. 


(see Fig. 1). The feeders are carried on 
poles constructed in various ways, some 
of which are of steel, lattice construction, 


while others are made up of seamless 
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drawn steel tubes, each pole consisting of 
three upright members of such tubes. 
Other poles are made up of two upright 
wood members. The petticoat insulators 
are mounted on wooden cross-arms. The 
entire length of the high-tension trans- 
mission line is thirty-six miles. The wires 
are 6.5 millimetres in diameter and wher- 
ever they cross streets or railways protect- 
ing nets are suspended beneath them. 

For the purpose of step-down from the 
high-tension voltage to that required for 
different purposes, a transformer station 
and a converter station have been pro- 
vided. In the former station the voltage 
of 40,000 is reduced to 3,600 volts, which 
current is transmitted to Brescia, Cre- 
The 
transformers are of the same kind as those 
used at the power plant, but wound to 
step-down from 40,000 to 3,600 volts. 

In addition to the ten-kilowatt measur- 
ing transformer (40,000 to 120 volts) 
there is a two and one-half horse-power, 


mona, Manerbio and Ponte Viggo. 


three-phase motor operating a centrifuga! 
pump to supply circulating water for the 
lightning arresters. 

In the switching room of the trans- 
former station there are three separate 
switchboards, one for each transformer. 
There are also two switch- 
boards installed for the the 
soda plant and to the cities of Brescia and 
Cremona. 

As the soda plant was originally pro- 
vided with direct-current are lamps, a 
120-kilowatt converter installed to 
convert from 3.600 volts alternating to 
220 volts direct current. 

The transformer station is at Brescia, 
the converter station also being in the 
immediate vicinity, the latter receiving the 
current of 3,600 volts, forty-two cycles 
from the former converts this current to 
150 volts, 3,000 amperes. 

As shown by the accompanying illus- 
tration, Fig. 8, there at present installed 
at this converter station four converter 
groups, each having a capacity of 450 
kilowatts. The entire electrical equipment 
for the main plant, the substations and 
distributing system was installed by the 
Maschinenfabrik Oerlikon, Switzerland. 

—__-e 
Navy Department Supplies. 

The Bureau of Supplies and Accounts 
will open bids in Washington, D. C., on 
November 26 for the following electrical 
material: Seven cireuit-breakers and fifty 
electric drills for delivery at New York 
city; one eighteen-inch parabolic search- 
light for delivery at Norfolk, Va.; one 


additional 


feeders to 


was 





complete storage battery for delivery at 


Annapolis, Md. 
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The University of Illinois 
Anrual Inspection 
Trip. 

The departments of electrical and rail- 
way engineering of the University of Il- 
linois have just completed an extended in- 
spection trip under the direction of Pro- 
fessor Morgan Brooks. The eastern trip 
hegan on November 3, when the students 
left Champaign for Niagara Falls. On 
November 4 they visited the works of the 
Ontario Power Company, the Electrical 
Development Company, and made a trip 
through the gorge route. On November 5 
the planis of the Niagara Falls Power 
Company and the Carborundum Company 
were visited. November 6 was spent at 
the Sehenectady works of the General 
Electric Company, and November 7 in 
inspecting the plants of the Tnterborough 
Rapid Transit Company and the New 
York Central & Hudson River Railroad 
On Friday, November 
8,.an inspection was made of the electri- 
fication of the New York, New Haven & 
Hartford Railroad and the Pennsylvania 


in New York city. 


Railroad tunnel. In the evening the 
students attended the meeting of the 


American Institute of Electrical Engi- 
neers and listened to the discussion of the 
H. Armstrong on “Steam 
President 


the 


paper by A. 
versus Electric Locomotives.” 
Stott the 
students, and they were given a hearty 


announced attendance of 


recognition. On Saturday, November 9, 


an inspection of the Singer Building was 


made, and Sunday, November 10. was 
spent in Norfolk, Va. November 11 was 
spent at the Jamestown Exposition, and 
November 12 the students visited the 
Treasury, Washington Monument, the 
3ureau of Engraving and Printing, the 
Smithsonian Institution, the Capitol. 


Navy Yard, and Library of Congress in 
Washington, D. C. On November 13 an 
inspection was the National 


Bureau of Standards, and the students ar- 


made of 


rived in Pittsburg on the evening of that 
dav. November 14 was devoted to a 
visit to the works of the Westinghouse 
companies at Pittsburg and East Pitts- 
burg. On November 15 the students 
visited the United States Steel Corpora- 
tion’s Homestead Works, and the works of 
the Pittsburg Plate Glass Company. They 
left Pittsburg 


¢ on the evening of November 


15, arriving at Champaign the next 


morning. 

The western party left Champaign on 
November 4, and visited, in turn, Bloom- 
ington, Peoria and Toledo. On November 
5 the students visited the Illinois Steel 
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Company, the Economy Light and Power 
Company, the power plant of the Sanitary 
District at Lockport, arriving in Chicago 
November 6 was devoted 
to an inspection of the plants of the Com- 
monwealth-Edison Company, and Novem- 
ber 7 to visits to the Hawthorne plant of 
the Western Electric Company. On No- 
vember 8 the students visited the plants 
of the Postal Telegraph Company, the 
and the 


in the evening. 


Chicago 
Railway Exchange Building. 


Telephone Company 


a 
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Mechanical Efficiency of the 
Gas Engine. 

A report is given here of a paper pre- 
sented by Bertram Hopkinson at a recent 
meeting of the Institution of Mechanical 
Engineers, of Great Britain. This work 
was to test the conclusions 
stated in a recent report made by a com- 
mittee of the Institution of Civil En- 
gineers, of Great Britain, in which it was 
said that in the case of gas engines, and 
especially those governed by hit-or-miss 
governors, indicator diagrams do not give 
accurate results. Hence it was suggested 
that the efficiency of the engine be com- 
puted after determining the mechanical 
losses at no load. This conclusion led 
the author to undertake an investigation 
in the hope of finding whether the indi- 
cated power of the gas engine did vary 
much and was so difficult to determine. 
He decided that the indicator itself might 
be a source of considerable error. As 
usually made, these have a good deal of 
inertia and there are a number of joints 
between the piston and the pencil. Such 
an instrument, when used to indicate such 
rapid changes in pressure as take place 
in the gas engine, and particularly when 
the motion of the indicator piston is mag- 
nified, necessarily gives rise to a good deal 
of error. Another source of error was 
found to be in the deformation of the 
lever carrying the pencil, which is due to 
the friction of the pencil upon the paper. 
To overcome these errors a new indicator 
was designed, consisting of a light piston 
sliding in a cylinder communicating with 
the engine, and attached at its upper end 
to a flat steel spring. A small mirror 
mounted on the latter gave an optical 
magnifying lever, the mirror being at- 
tached so that it rocked back and forth 
due to the slight movements of the steel 
spring. This instrument gave only the 
vertical movements. It was practically 
indestructible and could be left on the 
engine indefinitely. To secure the hori- 
zontal movement the whole indicator was 





undertaken 
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rocked about the axis of the piston by 
means of a rod driven by an eccentric on 
the crank axle. In this way the indicator 
diagram could be watched by observing 
the path traced by a spot of light re- 
flected from the mirror, or by taking pho- 
tographs of its movement. The instru- 
ment was easily calibrated by means of 
dead weights. The instrument demon- 
strated that the diagram of the engine, 
when it was exploding continuously, was 
remarkably regular. In a series of one 
hundred explosions the area did not vary 
more than one per cent on either side of 
the mean value. When the governor cut 
out charges of gas, a slight enlargement 
of the diagram was sometimes perceptible 
in the cycle following the “miss,” this 
enlargement occasionally being four per 
cent. Sometimes it disappeared entirely. 
On theoretical grounds it was to be ex- 
pected that the gas taken after a miss 
would be slightly less than after an ex- 
plosion. But whatever the cause of the 
slight difference in area, it could have no 
practical effect in an ordinary full-load 
trial, since it would happen but once in 
five or six cycles. This result, it is 
thought, demonstrates that it is possible 
to obtain accurate results by means of a 
suitable indicator when used for testing 
gas engines. The author also gives the 
results of the tests conducted on a forty- 
horse-power engine, and points out cer- 
tain sources of error which are sometimes 
overlooked ; for example, a change in tem- 
perature of the cylinder due to a change 
in the quantity of cooling water, may 
make a considerable change in the internal 
friction. The tests on the particular en- 
gine used showed that the thermal effi- 
ciency was from thirty-three and one-half 
to thirty-seven per cent, according to the 
proportions of gas and air in the charge. 
The mechanical efficiency for a medium 
charge was from eighty-five to ninety per 
cent, varying according to jacket tem- 
perature. A test made on another gas 
engine having four cylinders bore out the 
conclusions of the previous test. It was 
found in this case that a test on one 
cylinder gave very good agreement with 
the results obtained when all four cylin- 
ders were indicated. This particular en- 
gine, which was rated at about five horse- 
power at 1,300 revolutions a minute, had 
a mechanical efficiency of ninety per cent 
at 400 revolutions a minute, which fell 
to seventy-five per cent at 1,300 revolu- 
tions—Engineering Times . (London), 
October 24. 











November 16, 1907 


795 


Comparative Performances of Steam and Electric 


Locomotives. 


A Valuable Paper Presented to the 222d Meeting of the American Institute of Electrical Engineers, and a 
Valuable Discussion Concerning Practical Results Attained by the Electrification of the New York 
Central & Hudson River Railroad and the New York, New Haven & Hartford Railroad Systems. 


HE 222d meeting of the American 
Institute of Electrical Engineers 
was held in the auditorium of the 

Iingineering Societies Building, New 
York city, on Friday evening, Novem- 
ber 8. The seeretary, Ralph W. Pope, an- 
nounced that at a meeting of the board 
of directors, held during the afternoon, 
associates were transferred to the grade of 
follows: Clifford Wayne 
Humphrey, Chicago; Robert Carr Lan- 
phier, Springfield, Ill.; Albert Gustav 
Wessling, Cincinnati; William Nelson 
Smith, New York; Charles Ezra Scribner, 
Chicago, and Kempster B. Miller, Chi- 
cago. 

President Stott announced that Pro- 
fessor Morgan Brooks, of the University 
of Illinois, and a party of thirty-five stu- 
dents were present, and welcomed them 
to the meeting. 

He then called for the paper of the 
evening, by Albert H. Armstrong, engi- 
neer, railway department, General Elec- 
tric Company, entitled “Comparative Per- 
formances of Steam and Electric Loco- 
motives.” 


members as 


Mr. Armstrong presented his 
paper, an abstract of which follows: 

The general shape of the steam locomo- 
tive characteristic is given in Fig. 1, 
which shows the relation between the 
speed and tractive effort of a simple con- 
solidation locomotive designed for heavy 
freight service. 
seldom that a can work at 
more than ninety per cent of the theo- 
retical full stroke, and hence the maxi- 
mum tractive effort at starting with lever 
in the corner will not be much greater 
than eighty-eight per cent of the theo- 
retical tractive effort available with gauge 
pressure in the cylinders. An inspection 
of Fig. 1 shows that the steam locomotive 
is limited as to maximum tractive effort 
by its engine design, and limited as to 
the speed at which this tractive effort is 
available by the capacity of the boiler to 
supply steam. 
locomotive will give eighty-eight per cent 
ot its theoretical tractive effort when start- 
ing, it is capable of providing but eighty 
per cent tractive effort at a speed of 10.6 
miles per hour (with the constants of the 
particular locomotive chosen for illustra- 
tion) at which the boiler is giving its full 


Owing to clearances it is 
locomotive 


Thus, assuming that the 





output. Hence higher speeds can only 
be reached with a lesser cut off and a con- 
sequent reduction in mean effective press- 
ure and tractive effort. 

On the other hand, the tractive effort 
of the electric locomotive is limited only by 
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Fic. 1.—TypicaAL STEAM LOCOMOTIVE 
CHARACTERISTIC (SIMPLE. ) 


the adhesion between driving wheels and 
rail, and aside from some fifteen per cent 
greater adhesion possible with the uni- 
form tractive effort provided by the elec- 
tric locomotive, it is possible with this 
type of motive power to take momentary 
advantage of abnormally good rail condi- 
tions or to derive full benefit from the use 
of sand; indeed, tests have been taken 
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Fig. 2.—TypicaAL CHARACTERISTICS OF STEAM 
AND ELEcTRIC LOCOMOTIVES. 


with electric locomotives showing as high 
as thirty-five per cent coefficient of adhe- 
sion between driving wheels and rail. This 
point is emphasized as with the greater 
tractive effort of electric locomotives it 


becomes possible to give them a higher 
tonnage rating for the same weight upon 
the drivers than would be possible with 
steam locomotives operating over the same 
track profile. 

There is a marked difference in the 
speed characteristics of the steam and 
electric locomotive, and indeed there is 
also a marked difference in the speed 
characteristics of different types of elec- 
tric locomotives. Although this paper 
is not intended to enter into any discus- 
sion of the relative merits of different 
types of electric locomotives, there is so 
striking a difference in the several speed 
characteristics, each of which possess 
special advantages for certain operating 
conditions, that Fig. 2 has been prepared 
contrasting the characteristics of the 
steam locomotive and the direct-current 


gearless, alternating-current single-phase 
geared, and alternating-current three- 


phase geared electric locomotives. As all 
types of motive power share in common 
the fact of a certain critical speed beyond 
which full tractive effort can not be main- 
tained, the curves in Fig. 2 have been pre- 
pared on the basis of showing the relation 
between percentage of maximum tractive 
effort available at speeds higher than the 
critical speed, ordinates being tractive ef- 
fort and abscissas percentage of critical 
speed to running speed. 

X more familiar presentation is given 
in Fig. 3, showing a concrete case of a 
twenty-two by thirty steam locomotive of 
the simple type equipped with fifty-seven- 
inch drivers, contrasted with both an alter- 
nating-current geared and a direct-current 
gearless electric locomotive designed for 
the same tractive effort both maximum 
and running, but for a higher speed. The 
contrast of these different speed character- 
istics brings out sharply the small speed 
variation with different tractive efforts de- 
livered by the electric locomotives, this 
small variation being even more marked 
in the case of the direct-current gearless 
than in the case of the alternating-current 
geared motor working at a lower iron 
saturation and thus affording a more slop- 
ing speed characteristic. 

The steam locomotive chosen is typical 
of those in general use upon our mountain- 
grade divisions, the tonnage rating in oper- 
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ation of this particular locomotive being 
such as to call for a tractive effort of 
25,600 pounds on average grade and 
33,200 pounds on the maximum ruling 
grade occurring on a certain engine divi- 
sion, thus leaving a margin of 6,300 
pounds above the demands of maximum 
tonnage on maximum ruling grade for 
starting the train from rest. 

What might be termed the “perform- 
ance capacity” of a steam locomotive may 
be worked out from the speed and tractive 
effort characteristics given in Fig. 3, using 
as a basis the 1,000 ton-miles trailing load 
moved per hour on a level or any gradient 
selected. The prevalence of 2.2 per cent 
ruling grade on many of our western 
roads perhaps jusifies the selection of that 
figure for demonstration purposes; and 
the coal consumed, crew wages, and main- 
tenance charges, may all be worked out 
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Fig. 


from the basis of continuous operation per 
1,000 ton-miles trailing load on 2.2 per 
cent grade, these results being shown in 
Fig. 5. 

Certain assumptions are necessary and 
are as follows: 


SSORUOL ONAL. 5 ee eka cn $3 per 2,000 Ibs. 
Engineer, wages per hour................ $0.50 
Fireman, wages per hour ...............- 0.35 
Conductor, wages per hour.............. 0.40 
Three brakemen, wages per hour......... 0.90 

MMBUST BW anos sche ec lenmrosinoeiae $2.15 


Average mileage per locomotive per year, 36,500. 

Total maintenance, including round - house 
charges, $5,000. 

Maintenance per locomotive mile actually run, 

13.7 cents. 

General locomotive constants are the same as 
previously given. 

Considered broadly, the one expense in 
train operation that is fundamental is 
the cost of fuel, this factor being in- 
fluenced only by the economy of the fuel- 
burning plant. Other expenses, such as 
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locomotive maintenance, crew wages, etc., 
are affected entirely by the method of 
operation, and no radical departure from 
present methods is to be looked for until 
the coming of a type of motive power 
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which offers possibilities not equally en- 
joyed by the steam locomotive. 

This point is further illustrated by ref- 
erence to the operating sheet of one of our 
greatest western roads using the simple 
consolidation locomotive previously de- 
scribed. 


SPEED RELATIONS. ROAD ‘‘A,” MOUNTAIN 
DIVISION. 


‘ Up Grade. Down Grade. 
Miles per Miles per 
Hour. Hour. 
Schedule-speed’................. 7.385 12.5 
Average speed while running. 12.1 20.0 
Number stops per mile...... 0.177 0.149 


The average schedule speed of a number 
of trains, including all layovers due to 
the despatcher or failure of motive power, 
as obtaining on another mountain division 
of a different road, showed values as low 
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Cent (UP). 


as 6.7 miles per hour up grade. In 
general it may be stated that the freight 
movement over mountain divisions is ef- 
fected at very low schedule speeds, and 
the cause is evident from an inspection of 
the steam locomotive characteristic. Ex- 
cept for the fact that curves are usually 
of shorter radius on heavy grades than on 
levels, there is no reason for the slower 
speed of trains, provided a type of motive 
power is available that is capable of sup- 
plying great draw-bar pulls at high speeds. 
It is just this characteristic which the elec- 
tric locomotive possesses to an almost un- 
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limited extent, and such locomotives can 
be built which are even more powerful 
and operate at higher speed than can be 
utilized at present. 

For example, the simple consolidation 
locomotive considered is capable of sus- 
taining a tractive effort of 25,600 pounds 
at a maximum speed of 15.4 miles per 
hour, and weighs 165 tons with tender, 
while a single New York Central electric 
locomotive of the 6,000 type is capable of 
delivering the same tractive effort at ap- 
proximately thirty-seven miles per hour, 
and the weight is only 100 tons. 

The electric locomotive may be equipped 
with motors of several different types each 
having characteristics best qualifying it 
for certain classes of work. Fig. 6 and 
Fig. 7 illustrate the usual speed, torque, 
and efficiency curves of two typical motors, 
the direct-current gearless and the alter- 
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nating-current single-phase geared type. 
The type of motor to be adopted is a mat- 
ter requiring full local knowledge of the 
conditions obtaining in each individual 
instance before a proper selection can be 
made. 

As the direct-current gearless motor can 
be built in the largest sizes, is the best 
understood, and is in successful operation 
upon a very important division of one of 
the largest steam roads, it is here chosen 
as the equipment of a typical electric lo- 
comotive. 

The large output, 840 horse-power for 
one hour and 400 horse-power continuous, 
shown in Fig. 5, illustrates what can be 
accomplished with this type of motor. 
The output of the complete locomotive is 
dependent upon the number of motors 
permitted with the construction adopted. 
Thus, such a four-motor equipment is 
capable of delivering a tractive effort of 
56,800 pounds at a speed of twenty-three 
miles per hour approximate (depending 
upon the voltage) while the efficiency of 
conversion at this output would be eighty- 
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seven per cent, rising to a maximum of 
ninety-three per cent at higher speeds and 
lower tractive effort. Another form of 
construction, say one similar to that em- 
ployed in the largest Mallet compound, 
would permit the use of two four-axle 
articulated trucks, providing an equip- 
ment of eight motors and an output of 
113,600 pounds at a speed of twenty-three 
miles per hour. ~ 

Returning to the direct comparison of 
the simple consolidation and electric loco- 
motive, Fig. 3, was plotted on the basis of 
a speed of thirty miles per hour for the 
electric and 15.4 miles per hour for the 
steam locomotive, giving in each instance 


a tractive effort of 25,600 pounds at the 
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Fig. 7.—ALTERNATING-CURRENT SINGLE-PHASE 
MoroR CHARACTERISTICS, TWENTY-FIVE 
CycLEs, 375 VoLts. 


rim of the drivers. Though the electric 
locomotive could very readily be designed 
to give the same tractive effort at a higher 
speed, thirty miles per hour was assumed 
as the highest speed permissible due to the 
alignment of the track on heavy grades. 
To plot a performance capacity curve 
for the electric locomotive, certain further 
assumptions are necessary. 
TYPE OF EQUIPMENT, DIRECT-CURRENT 
GEARLESS MOTORS. 


Weight of total locomotive............- 125 tons 
Weight On GtiVvGIrs.... 6.6666 secsece ces 100 tons 


Engineer, wages per hour............. $0.50 
Conductor, wages per hour............ 0.40 
Three brakemen, wages per hour...... 0.90 
HOtAL WAGES OF CLOW. 6 cs. ke: es se wnss<s 1.80 


Efficiency of transmission rail to bus-bar, seventy 
per cent. 

Maintenance of locomotive, five cents per mile 
run. 

The train crew is so divided as to per- 
mit the location of a brakeman in the 
engineer’s operating cab. 

The cost of electrical power must in this 
instance be most arbitrarily assumed, ow- 
ing to the widely different cost of coal, 
possibility of water power, etc., obtaining 
in different localities. As the cost of coal 
for steam locomotives will also vary great- 
ly as to price and quality, it has been as- 
sumed at $3 per 2,000 pounds, and a cost 
for electric power of one-half cent per 
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kilowatt-hour is based upon using the same 
price and quality of coal. As it is further 
assumed that an entire engine division of 
say 150 miles is to be electrified, it gives 
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promise of a twenty-four-hour load-factor 
of fifty per cent and this figure has been 
taken. Approximating the first cost of 
installation of the generating station at 
$100 per kilowatt, and allowing ten per 
cent per year for interest and other fixed 
charges, the cost of power is brought up 
to possibly $0.0075 per kilowatt-hour at 
the station bus-bar. Other conditions ob- 
taining will in a given instance modify 
the figures arrived at, but for purposes of 
demonstration $0.0075 is a conservative 
estimate, and such a figure is needed to 
compare the cost of power with the fuel 
item in steam-locomotive performance. 

The effect of increased speed on cost 
of operation is clearly shown by compar- 
ing the performance capacity curves of the 
steam and electric locomotives, Figs. 5 
and 9. 

It will be observed that the reduction in 
the operating expenses is effected in the 
two items of crew wages and maintenance 
of locomotives, and that the cost of fuel 
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remains practically unchanged. This is 
as it should be, as the cost of fuel in the 
case of steam locomotives or power with 
electric locomotives is the only funda- 
mentally necessary expense in train move- 
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ment. Overcoming train friction and 
raising a train up-grade against gravity 
represents useful work performed, and 
this work is accomplished at an expendi- 
ture of approximately four pounds of coal 
per horse-power-hour at the drivers with 
simple engines and 2.66 pounds of coal 
per horse-power-hour at the drivers with 
electric locomotives, including all inter- 
vening losses between rail and generating 
station bus-bar. The speed at which this 
work is performed, therefore, does not af- 
fect the cost of fuel or power, it being as- 
sumed that the motive power for the vari- 
ous speeds is so proportioned as to operate 
at the point of greatest economy. 

It is evident that the cost of fuel or 
power, being fundamental, constitutes a 
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fixed item in the total cost of operation, 
while the other two items, crew wages and 
maintenance expenses, will be determined 
solely by the method of operation and the 
excellence of motive power used. We have 
become so accustomed to consider that 
fuel, crew wages, and engine maintenance 
each constitute approximately ten per cent 
of the total cost of operating a railway 
that we rather lose sight of the fact that 
two of these items are theoretically need- 
less expense and subject to considerable 
modification in practice with the adoption 
of another type of motive power possess- 
ing characteristics which will permit mak- 
ing radical changes in operating methods. 

While the figures shown in Figs. 5 and 
9 indicate a certain relation among the 
three items of fuel, crew, and maintenance 
expense, this is not the true relation ob- 
taining in practical operation, for the rea- 
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son that the values given in the curves 
assume continuous operation up-grade un- 
der the conditions outlined. Unfor- 
tunately, train crews must be paid ful! 
value per mile whether the mile be up- 
grade or down, and with steam locomo- 
tives there is also a considerable loss in 
fuel resulting from engines standing or 
running light which must be also taken 
into account; hence it becomes necessary 
to modify the figures arrived at, and for 
this purpose certain references must be 
made to current railroad practice on 
mountain-grade divisions in order to ar- 
rive at the proper tonnage relations, sched- 
ule, speeds, etc., obtaining in up-grade 
and down-grade operation. 

Previous figures have been given show- 
ing that the schedule speed on several 
mountain divisions is approximately fifty 
per cent of the average running speed 
and this figure is assumed in the follow- 
ing statement of cost of operating 1,000 
ton-miles with steam locomotives, averag- 
ing the cost of up-grade and down-grade 
running. Owing to the higher schedule 
speed of electrically operated trains, re- 
sulting in fewer meeting points with the 
same tonnage handled, and due to the ab- 
sence of forced stops to take on fuel and 
water, ete., it is assumed that with electric 
motive power the schedule speed may be 
sixty per cent of the running speed. 

With the electric locomotive standing, 
or coasting down-grade, there is no de- 
mand whatever made upon the generating 
station, and hence the only expense car- 
ried through these periods is that for 
train crew and a certain amount for main- 
tenance. On the other hand, with the 
steam locomotive there is a considerable 
amount of fuel burned and water wasted 
when standing at sidings and when coast- 
ing. In the case of mountain railroad- 
ing, with its frequent and prolonged de- 
lays, this waste may reach considerable 
proportions. 

The following results of a carefully con- 
ducted series of tests will illustrate this 
point. Two test locomotives and trains 
were operated over a mountain division 
under regular service conditions—steam 
and fuel consumption, duration of delays, 
etc., being carefully noted. The total work 
expended up-grade was 5,700 horse-power- 
hours at the rim of the drivers including 
allowance for 1.54 per cent average grade 
and seven pounds per ton track and curve 
friction. The total water evaporated on 
the trip divided by the total horse-power- 
hours gave a steam consumption of thirty- 
six pounds per brake-horse-power-hour at 
the rim of the drivers. Indicator cards 
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taken upon the engine in question at all 
cut-offs up to ninety per cent showed that 
the greatest steam consumption did not 
exceed thirty-two pounds per indicated 
horse-power-hour, or 35.5 pounds per 
brake-horse-power-hour, allowing ten per 
cent internal engine friction. Values as 
low as twenty-three pounds of steam per 
indicated horse-power-hour or 25.5 pounds 
per brake-horse-power-hour were recorded 
for the average cut-off of forty to fifty 
per cent used throughout the run. A 
third and fourth series of tests conducted 
up the same grade gave similar results, 
except that the values were slightly higher 
than those quoted, showing that there was 
a considerable loss of water unaccounted 
for by indicator cards and useful work 
performed. 

Operating down-grade, it was necessary 
to accomplish 1,110 horse-power-hours on 
account of the somewhat broken profile, 
and again the water consumption showed 
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on two trips 57.7 pounds of steam per 
brake-horse-power-hour, and on two sub- 
sequent trips 66.5 pounds, values entirely 
unaccountable on the basis of useful work 
performed. 

During all tests the usual service delays 
occurred, and as the traffic on the road 
in question was very much congested, 
these delays constituted a considerable 
proportion of the total elapsed time. In 
fact, during the runs up-grade the trains 
were in motion but sixty-six per cent of 
the total elapsed time, and down-grade 
the trains were in motion from fifty-two 
per cent down to forty per cent of the to- 
tal elapsed time. As these delays were 


frequent and undetermined, it was nec- 
essary to maintain full steam pressure 
while waiting for the momentarily ex- 
pected release from the block, hence the 
waste of fuel and water was considerable. 
Averaging this waste at 400 pounds per 
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hour, at which low rate of consumption 
the water evaporation would approximate 
ten pounds of water per pound of coal 
burned, or 4,000 pounds of water evap- 
orated per hour, and reducing the total 
water consumption measured by the waste 
losses thus obtained, the steam consump- 
tion in eight different tests up and down 
grade ranged 34.7 pounds, 32.4 pounds, 
28.1 pounds and 25.3 pounds, etc., water 
per brake-horse-power-hour. These values 
are fairly commensurate with results of 
indicator cards taken, and, with the type 
of engine used and under the operating 
conditions obtaining, an allowance of 400 
pounds of coal stand-by losses per idle 
locomotive-hour seemed not too great a 
value to allow, and this figure has been 
taken in subsequent calculations. . 

Locomotive performance capacity curves 
may therefore be plotted which will show 
approximately the true relation between 
the several items of fuel, crew wages, and 
motive power maintenance, by adhering to 
the following assumptions: 
Ratio schedule to running speed up- 

grade, steam locomotive........... 50 per cent 
Ratio schedule to running speed up- 

grade, electric locomotive...... .. 60 per cent 
Schedule speed down-grade, steam.. 15 miles per hour 
Schedule speed down-grade, electric. 18 miles per hour 
RE INS SiS Sioa b wieretebcicsé nce vsiesieceisins $3 per 2,000 Ibs. 
Cost of electric power .... -» 0.0075 per kw-hr. 
Efficiency of distribution... . 70 per cent 
Crew wages per hour, steam . -- $2.15 
Crew wages per hour, electric........ 1.80 
Maintenance locomotive, steam...... 0.137 per mile 
0.05 per mile 
fuel waste per idle hour, steam...... 400 Ibs. 
the performance 


curves shows that in practical operation 







An inspection of 


the fuel expense approaches more nearly 
to the value of the other items considered, 
instead of being greatly in excess of them 
as indicated in the _ theoretical 
formance curves, Figs. 5 and 9, showing 
operation only. For operation 
grades than 2.2 per cent, all 
items are reduced and the total and sub- 
divided comparative costs are given in the 
following table and in Fig. 11. 


per- 


up-grade 
on lesser 


COMPARATIVE OPERATING EXPENSES PER 
1,000 TON-MILES STEAM (SIMPLE) AND 
ELECTRIC LOCOMOTIVES. 


AVERAGE OF UP-GRADE AND DOWN-GRADE 
OPERATION. 
Steam Locomotives. 


Grade.......<] }percent 1 percent 14 percent 2percent 


COB. occas ces 15.0cents 25.5 cents 38.0 cents 53.0 cents 


ere e 13.5cents 24.0cents 36.0 cents 50.0 cents 
Maintenance .10.5 cents 17.8 cents 26.0 cents 36.0 cents 
Total... 39.0 cents 67.3 cents 100.0 cents 139.0 cents 


Electric Locomotives. 


Grade........3 ,percent 1 percent 14 percent 2percent 
POWER... 0-65 20.0cents 35.5 cents 50.5 cents 66.0 cents 
SS ee 72ecents 12.2cents 18.0 cents 24.0 cents 
Maintenance. 3.6cents 6.2cents 9.0cents 11.9 cents 


Total.....30.8cents 53.9 cents 77.5 cents 101.9 cents 
Saving Effected by Electric Operation. 


GTA 566i spercent 1percent 13 percent 2percent 
-2 cents 13.4cents 22.5 cents 37.1 cents 


So far, the matter has been viewed from 
the standpoint of comparative operating 
expenses for a given tonnage moved. 
There is another argument for electrifi- 
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cation which may in certain instances be 
of a much more controlling nature. Most 
of our mountain roads are single track 
and transcontinental tonnage has so in- 
creased as seriously to congest. these mount- 
ain divisions. The heavy trains of the 
plains, weighing 2,000 to 3,000 tons, must 
be split up into units of about 1,000 tons 
in order that the present steam engines, 
operating double and even triple, may 
haul them over the heaviest grades. The 
slow speed obtainable makes the number 
of trains on a mountain division large, 
the meeting points frequent, and hence, 
however good the despatching system em- 
ployed, there will of necessity be a con- 
siderable amount of lost time introduced. 
Add to this the failures of motive power 
being worked to its limit, and there is 
the that the tonnage 
capacity of the division will be greatly in- 


reason for claim 
creased by the introduction of electrically 
hauled trains. 

The discussion was opened by the read- 
ing of a communication from William J. 
Wilgus, formerly chief engineer of the 
New York Central & Hudson River Rail- 
road Company. Mr. Wilgus congratu- 
lated Mr. Armstrong upon his able pres- 
entation and endorsed his view with regard 
to the matter of capacity being the basis 
upon which the solution of the electrifi- 
Mr. Wilgus 


presented some very interesting figures 


cation of main lines rested. 


which had been secured in the practical 
working of the electrification of the New 
York Central & Hudson 
The results are even 
Be- 


cause of the lower cost of maintenance of 


River Railroad 
Company's system. 


more gratifving than were expected. 


electrical equipment and the less idle time 
in shops, the greater cost of interest 
charges and depreciation is not only neu- 
tralized, but a net saving in repairs and 
interest charges over steam equipment of 
effected. 
locomotive inspection and light repairs, as 


nineteen per cent is Electric 
compared with coaling, watering, drawing 
fires, ete., of steam locomotives shows a 
saving in time in favor of the electric 
system of over four hours per day, equal 
to eighteen per cent. The electric loco- 
motive, while busy, is a much more 
nimble and efficient machine than the 
steam locomotive, showing an increase in 
daily ton-mileage of twenty-five per cent. 
While not so important in freight service, 
the question of locomotive weight is a 
large factor in a comparison of the relative 
economies of handling passenger traffic by 
steam and electricity. For instance, in 
switching service at the Grand Central 
terminal, sixty-five per cent of the total 
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steam ton-mileage is due to locomotive or 
dead weight, while the electric locomotive 
percentage is but fifty-four per cent, a 
saving for the latter of eleven per cent. 
In the regular schedule service the steam 
locomotive shows fifty-one per cent dead 
ton-mileage, as against thirty-five for the 
electric equipment, a saving for the latter 
of sixteen per cent. When we realize that 
this saving has a direct proportionate 
effect on the cost of fuel and current, and 


an indirect effect on wages and_ fixed 
charges, its importance is manifest. The 


speed advantage of electric over steam. 


locomotives in mountain grade operation 
is strikingly apparent in the New York 
Central installation, where the increase in 
coal consumption for car-ton-mileage in 
high-speed steam service, as compared 
with slow-speed service, is shown to be 165 
per cent; whereas, under exactly the same 
conditions, the increased consumption of 
current for electrical equipment is but 
eighteen per cent, a difference in favor 
of electrical operation of 
The net 
advantages of 


147 per cent. 
result of all of the economical 


electric operation over 
steam for the conditions existing on the 
New York Centra 


of cost of additional plant, shows a saving 





, including all elements 


in summer months of from twelve per 


cent to twenty-seven per cent, depending 
upon the character of service. A larger 


sum may be expected under winter condi- 


tions. 
Dr. Cary 'T. Tfutchinson was called 
upon, and he also complimented Mr. 


Armstrong for his clear outline of the 
relative capacities of steam and _ electric 
locomotives. — Electrification has always 
been undertaken on account of some spe- 
cial problem, and the element of economics 
has not largely entered into the caleula- 
He did not 
reached a point where we can determine 


tions. think that we have 
the matter from its economic aspect, as 
the data are too uncertain. All data bear- 
ing on this subject are lable to severe 
criticism at present, no matter how con- 
servative they may seem to be. 

Dr. Hutchinson looked at the matter of 
comparative capacities of steam and elec- 
tric locomotives from a somewhat differ- 
ent point of view from Mr. Armstrong. 
With a steam locomotive there is a limit 
generally of a certain weight on the driv- 
For the purpose of comparison, 
It is not 
safe to build a locomotive with more than 
50,000 pounds on one axle. The coeffi- 
cient of traction will not be over twenty- 


ing axle. 
50,000 pounds might be taken. 


five per cent, say, 11,000 pounds trac- 


799 
tive effort per axle. This will mean 
9,000) pounds drawbar pull per driving 
axle. With a steam locomotive 9,000 


pounds drawbar pull can be given in con- 
tinuous service, but it can not be secured 
with an electric 


in continuous service 


locomotive. There is not room enough to 
secure anything like 9,000 pounds con- 
effort ; 

that 
higher capacity than the electric locomo- 


tinuous tractive therefore the 


steam locomotive, on basis, has a 


tive. But the capacity of the electric 


locomotive will be determined by its 


average performance. If the grade is a 
broken grade, a machine will have to be 
used so that the heating will not be ex- 
cessive in the average performance, and 
therefore a motor can be secured which 
will give an average of 5,000 or 6,000 
pounds per driving axle. This same ma- 
chine, on the ruling grades, will easily 
take 10,000 pounds before slipping the 
wheels. or possibly 15,000 pounds. From 
that point of view the consideration of the 
ruling grade is eliminated in determining 
An electrie motor ts 


the size of motor. 


chosen or designed to have — sufficient 
capacity to give average service. With a 
steam locomotive a machine must be 
chosen to give maximum service. This 


is the fundamental difference in the meth- 
od of rating. The Mallet compound steam 
the 
Hutchinson happens to be 


locomotive of six-axle type, with 
which Dr. 
familiar, can not do better in’ every-day 
service than pull 800 tons or less up a 
2.2 per cent grade at a speed of 8.5 miles 
per hour. This is equal to about 1,200 
This 


locomotive will weigh, with the tender. 


horse-power at the driving wheel. 
250 tons. An electric locomotive weigh- 
ine’ 100 tons will haul this same 800 tons 
up the same grade at a speed of fifteen 
miles per hour instead of 8.5 miles, and 
will develop approximately 1,800 {0 1,900 
horse-power instead of 1,200.) Tt will not 
do it for six or eight hours, but it will 
do it’ long enough to get up a grade of 
fifteen or twenty miles. That gives a 
horse-power output per ton for the steam 
locomotive of the six-axle type of only 
1.8, and the electric locomotive of 18.6 
—nearly four times as great a specific 
output for the electrie locomotive as for 
the Another 


with regard to the electric locomotive, due 


steam locomotive. point 
to the lesser weight, is the saving of dead 
haulage. There is 150 tons difference in 
the two machines working under the same 
conditions, and taking a mileage of 100 
miles a day, there is 1,500 ton-miles a 
day, worth $30 a day, or $10,000 a year 
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difference in the actual cost in the dead 
haulage of the two machines. 

N. W. Storer endorsed Mr. Armstrong’s 
conclusion that the keynote of the whole 
subject of electrification of steam rail- 
ways lies in the capacity. The greater 
loads per train crew that can be hauled ; 
the greater speeds, both on level tracks 
and on grades; the greater safety on 
grades, all tend toward greater capacity, 
and that is what is going to force the 
electrification of a considerable number 
of roads in this country. With regard 
to the different types of locomotives, Mr. 
Storer said that the direct-current loco- 
motive is able to control the train on the 
down grade at almost any speed that it 
is desirable to operate at, by the use of 
resistances for absorbing the regenerative 
power. The three-phase, alternating-cur- 
rent locomotive will control the train at 
speeds above synchronism by absorbing 
the excess power in resistance and the 
single-phase locomotive will control the 
train at almost any speed at which it is 
desiréd to control it and restore energy 
to the line efficiently at all speeds. He 
said that the single-phase locomotive 
would have a higher tractive effort at 
higher speeds proportionally than the di- 
rect-current locomotive. He exhibited a 
curve which showed an efficiency with an 
alternating-current motor without gears 
of about ninety-one per cent. With a rea- 
sonable allowance for gear losses, this 
should be at least eighty-six per cent. This 
was with a fifteen-cycle motor. 

W. S. Murray, electrical engineer of 
the New York, New Haven & Hartford 
Railroad Company, presented some very 
interesting figures which had been se- 
cured through a series of elaborate tests 
on the New York division, between New 
Haven and Woodlawn. The following 
tabulation shows the saving of fuel which 
will be effected when all freight and 
passenger trains now operated by steam 
receive their drawbar by the electric 
method of propulsion: 
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57,594. pounds of water, giving an 
average of twenty-eight pounds of water 
per indicated-horse-power. On __ local 
trains this figure is slightly increased, the 
evaporation being 42,987 pounds of water 
for 1,435 horse-power-hours, making the 
rate thirty pounds of water per indicated- 
horse-power-hour. ‘These figures were 
mentioned in comparison with the tur- 
bine guarantees of twenty pounds of 
water, including auxiliaries, per kilowatt- 
hour at the switchboard, which, reduced 
to a horse-power basis, would be fifteen 
pounds of water as measured at the 
switchboard. The average figures which 
he has been able to secure on electric en- 
gine repairs per locomotive-mile are about 
two cents. Increasing this figure twenty- 
five per cent for safety, and assuming the 
same number of electric engines replacing 
steam locomotives, the total would be 
$120,924 per annum, showing a saving 
over steam locomotives of $196,038. The 
net saving on fuel and locomotive repairs 
in favor of electrification gives a round 
sum of $562,470 per annum. 

William McClellan called attention to 
the necessity of the electrical engineer's 
being prepared to show to the steam rail- 
road operator actual economies 
could be secured through the electrifica- 
tion of the system. In every case there 
should be an absolute justification for the 
change. The electrical engineer is not 
in a very good position to prove that elec- 
trification will be successful from an 
economic standpoint, and it is fortunate 
indeed that figures have been secured 
from Mr. Wilgus and Mr. Murray. 

C. F. de Muralt mentioned a system 
which his office had recently had occa- 
sion to work out a problem for, involving 
a road of something like eighty miles of 
double track which was actually at the end 
of its capacity to handle traffic so far as 
steam locomotives were concerned. The 
investment for additional tracks would 
have been something like $15,000,000. 
Electrification. with complete new power- 


where 


Saving of 
_Milec Tons of Tons of Cost of Cost of > : ; 
ger t= Agel CoalSteam Coal Electric Coal Steam Coal Electric oe 
Traction. Traction. Traction. Traction. Traction. 
EORDPOGS 9 ..5 6e sical cee 592,240,000 D7,447 29,870 = $183,830 $89,620 $94,210 
Express (locomotive)..... 348,000,000 58.300 28,600 186,560 85,800 100,760 
BOUENG  oscisie- sins 5-¥i: 6 015 ms 2,223,000,000 187,844 139,010 563,530 417,030 146,500 
3,163,240,000 $341,470 


With regard to the drawbar which can 
be developed by the electric method of 
traction for coal burned under the boilers 
of a stationary plant, as compared with 
the coal burned in the fire boxes of loco- 
motives, his observations showed that in 
express work 2,055 indicated-horse-power- 
hours are developed in the evaporation of 


stations and new distributing system, 
with new locomotives, would cost some- 
thing in the neighborhood of $3,000,000. 
By the handling of the present traffic by 
electricity there would have been a sav- 
ing of something like $200,000, while 
with the electric equipment pushed to its 
limit, the traffic increase would have been 
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something like forty to fifty per cent 
over the present traffic capacity. 

The paper was also discussed by W. N. 
Smith and B. F. Wood. 

Dr. Charles P. Steinmetz called atten- 
tion to the characteristics of the steam 
locomotive and the electric motor. One 
characteristic of the steam locomotive is 
that it is essentially a constant-power mo- 
ior. The steam locomotive can give ap- 
proximately the same power whether run- 
ning at high or low speed. The drawbar 
pull does not tell the whole story. The 
limit is the steaming capacity of the 
boiler. The faster you move, the oftener 
the cylinders are filled; but the capacity 
of the boiler to produce steam must not 
be exceeded. If this is done a lower 
drawbar pull is secured. With the elec- 
tric motor the limitation essentially con- 
sists in constant loss of power. The 
limit of the electric locomotive is that 
it can lose only so much power in the 
motor, in the general average, to be with- 
in sufficient heating limits. Since effi- 
ciency rapidly increases with the speed, 
it means that more power can be got out 
of it at higher speeds up to a certain 
limit; therefore the electric locomotive is 
better at the higher speeds than is the 
steam locomotive. You have to take ad- 
vantage of this feature if you desire to 
get the best results. 

Mr. Armstrong closed the discussion 
and announced his pleasure at finding 
that the figures which he had, of neces- 
sity, been obliged to assume, had been 
checked up, to a considerable degree, by 
the figures presented by Mr. Wilgus and 
Mr. Murray in actual operation. 

With regard to the conclusion arrived 
at by Dr. Hutchinson, that the total draw- 
bar pull or tractive effort could not be 
sustained by an electric locomotive, he 
pointed out that it was rarely possible to 
have any gradient of road so constructed 
as to use the full tractive effort of the 
locomotive indefinitely. Except in one 
case, on the Sacramento division of the 
Southern Pacific, which has a 1.54 per 
cent grade for eighty-three miles, rising 
7,000 feet in that distance, there was no 
continuous grade of more than twenty- 
five to forty miles that he knew of. On 
the Sacramento division it is expected 
that an electric locomotive operating over 
that section would make the run in some- 
thing less than four hours, so that the 
continuous capacity of the locomotive is 
not of permanent importance. But the 


capacity of the locomotive must be de- 
signed for the actual road over which it 
operates, and it will be found that, in- 
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cluding delays, and also taking account 
of the limited extent of the maximum 
gradient, it is impossible to use much 
more than an average of fifty or sixty 
per cent of the maximum tractive effort, 
so that, with 10,000 pounds maximum 
and sixty per cent as a continuous output, 
the 6,000 pounds given by Dr. Hutchin- 
son is arrived at, and it is found that the 
electric locomotive, instead of being 
handicapped in its average performance, 
corresponds closely to the service require- 
ments of any type of motive power. 
The meeting was then adjourned. 


a> 
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“Alternating-Current Motors.” A. S. Mc- 
Allister. Second edition, enlarged and re- 
vised. New York. McGraw Publishing Com- 
pany. Cloth. 304 pages, 131 illustrations. 
6 by 9 inches. Furnished by the ELEcTRICAL 
Review for $3. 





The first edition of this work has met 
with such success that a second edition 
The 
author assumes the reader to possess a 


has been necessary within a year. 


fair general knowledge of electromagnetic 
phenomena and upon that assumption 
works out in a very clear and under- 
standable manner the characteristics of all 
The 


treatment in most cases is both graphical 


forms of alternating-current motors. 


and algebraical without complex quanti- 
ties. 

In preparing the second edition, changes 
have been made in a number of places 
and additional matter has been inserted 
in other places, making the treatment 
somewhat clearer. The following are some 
of the most important changes. To Chap- 
ter IV, on “Induction Motors as Fre- 
quency Changers,” a discussion of the 
motor-converter has been added. After 
the theory of the motor-converter has been 
worked out, the principles involved in its 
excitation are, in a very logical manner, 
shown to apply to the secondary excita- 
tion of the Heyland motor. In Chapter 
IX, on “Magnetic Field in Induction Mo- 
tors,” the treatment of the revolving field 
of single-phase induction motors has been 
made considerably clearer. A supplement 
has been added to the chapter on “Syn- 
chronous Motors and Converters,” giving 
circular current loci and V-curves of the 
synchronous motors. These diagrams are 
novel and are of material aid in under- 
standing the synchronous motor. An ap- 
pendix on leakage reactance of induction 
motors has also been added. With these 
revisions, the second edition is quite an 
improvement over the first. 
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ELECTRICITY APPLIED TO STAGE 
LIGHTING. 


BY JNO. H. KLIEGL. 





The extent to which electricity is 
used and applied for stage illumination 
purposes has greatly developed in recent 
years. In order to economize space, the 
stage electrical instruments and _ appli- 
ances have to be constructed so as to oc- 
cupy as little room as possible. Architects 
and stage designers seldom make allow- 
ances for sufficient room for the elec- 
trical the stage equipments. 
Therefore the hardest problem to solve for 
the practical stage electrician is to con- 
dense every piece of apparatus designed 
for stage use into the smallest space pos- 
sible, and at the same time make them 
strong and durable enough to give the 
best results and to pass all inspection. 

All stage and auditorium lights in .a 


end of 


801 


main board), which has_ the «switch 
mountings and dimmer controlling de- 
vices, while the rear board holds the 
switches, fuses and bus-bars. This device 
takes more room for the depth of the 
board, but at the same time allows the 
space in front. No railing is required in 
front of the board. 

One of the latest and most modern elec- 
tric stage installations is found in the 
Metropolitan Opera House, New York 
city. This is well shown in Fig. 1. Upon 
the stage of this theatre, no matter how 
elaborate or varied the scenery, any play 
may be produced without the slightest al- 
terations or the necessity for new installa- 
tion. The equipment is such that any 
scenic or light effect may be obtained. 

Underneath the stage floor in front 
near the centre is located the main 
switchboard (Fig. 2). By placing the 
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Fig. 1.—TuHe STAGE OF THE METROPOLITAN OPERA House, NEw YorK City. 


theatre are controlled from one central 
point—the switchboard. Only by having 
the control concentrated can the proper 
changes be obtained which add so much 
to the success of a play. A_ theatre 
switchboard has more current-supplying 
switches in the smallest space than any 
of the large power plant switchboards, 
and the arrangement of the switches must 
be so simplified that they can be within 
easy reach of the operator. At the same 
time the small switches used for stage 
purposes should have twice the amount of 
current-carrying capacity, so as to make 
them extra strong, to withstand the rough 
usage a switch will invariably receive 
during a performance. 

Lately switchboards have been designed 
by the Universal Electric Stage Lighting 
Company which have no live terminals 
on the face of the board. This actually 
means two boards, one in front (the 


ywitchboard below the stage floor, several 
advantages are obtained. It is out of the 
way, safe from all interference by irre- 
sponsible persons, and no flashes of light 
can be seen by the audience or performer 
when switches are operated. 

The wires and cables occupy a minimum 
of space above the stage floor. It enables 
the operator of the switchboard to have 
control of all the master switches and 
master wheel for dimmer shafts at the 
same time, and the operator has the great 
advantage of overlooking the stage, hav- 
ing a view of all the lights under his con- 
trol. This is most important when 
manipulated light changes are desired. 


‘Through an opening in the stage floor the 


operator watches the progress of the play 
and is therefore prepared to make the 
proper light changes at the right mo- 
ment. The operator’s head is shielded 
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from the audience by a small hood simi- 
lar to the prompter’s box. 

The switchboard is twelve feet long and 
seven feet high. There are practically 
two boards. The main board consists of 
two pieces of white marble, six feet by 
seven feet by two inches, and the second 
board is made up of several pieces of 
marbleized slate. This switchboard is of 
the newest type, with absolutely no live 
parts exposed on the face of the main 
hoard. The first, or main board, carries 
the four shaftings upon which the dim- 
and handles mounted. 
The second board, placed directly behind, 


mer switeh are 
carries all switches and fuses on the face 
of it, while the bus-bars and wire termi- 
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other the right half of the stage. The 
lights on each half of the stage are on 
separate circuits. 

To a set of bus-bars leading from each 
master switch, the section switches are 
connected. The switches on shafts con- 
trol the border lights, footlights, prosce- 
nium lights. bunch lights and strip-light 
By giving each section an indi- 
vidual switch, different parts of a scene 
can be illuminated and very natural re- 
sults produced. On the right of each 
section switch on each shaft a dimmer 
handle is attached. This dimmer handle 
controls a dimmer for the lights on the 
circuits controlled by the corresponding 
switch. 


circuits. 


The switches are loose on the 

















Fie 2.—Matn SWITCHBOARD, METROPOLITAN OPERA Hovusrk, NEw York Criry. 


nals are fastened on the inside of the rear 
hoard. 

The the 
hoard are connected to the switches on the 


switch-handles from main 
rear board by special insulating rods. The 
The 
switches and fuses are easily accessible 
from behind the second board, and the 
feeding and dimmer cables are 
placed between the two boards, for which 
inches is allowed. 
Lamps of four colors are used—white, 
amber, red and blue—for the stage illu- 
The main or front board 
has four shafts, each representing one 
color, and all the switches and dimmers 
of one color are fastened upon one shaft. 
Each color of light has two master 
switches, one controlling the left and the 


fuses are of the enclosed-are type. 


wires 


a space of twelve 


minations. 


shafts but are held in position by collars 
in each side, so that any turning of the 
shafts does not affect them. Confusion is 
avoided by having all dimmer and switch 
handles of one color in one row. The 
color of each row and the sections con- 
trolled by the individual switches is 
plainly marked on the main board. Each 
dimmer has an interlocking device by 
means of which it may be locked to the 
shaft. Near the end of each shaft, to 
the right, a special dimmer handle is at- 
tached called the master lever. There are 
four master levers, one for each color. If 
all the dimmer handles on one shaft are 
locked, the lights on the stage can be 
dimmed by turning the shafts by means 
of the master levers. 

The arrangements of the dimmer and 
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switch handles on the shafts is shown in 
A bevel gear is mounted at the 
extreme right on each shaft. This gear 
meshes with reversible gears on a vertical 
shaft. If the upper of these gears are 


nb 
2 
Fig. 2. 





Fig. 3.—STAGE POCKET. 


locked and the vertical shaft is revolved, 
the horizontal dimmer shafts turn gradu- 
allv. If the lower gears of the set are 
locked on the vertical shaft, the rotation 
of the dimmer shafts is reversed. The 
vertical shaft is operated by a wheel fas- 
tened at its top. This enables the opera- 
tor to raise or lower the lights at will, 
or if desired, change the lights from one 
color to another. 

For example, the lights in one scene 
are to be changed from white to blue. 
All the dimmer handles are locked on the 
shafts controlling the white and_ blue 





Fie. 4.—Opren-Box Arc LAmp. 


lights. The proper reversible gears are 
locked on the vertical shaft, and by 
slowly turning the wheel on top the 
operator gradually dims the white lights 
while the blue lights come up. A uni- 
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form operation of lights is therefore ob- 
tained. 

The dimmers are placed below the 
switchboard in four rows, one above the 
other, and fastened against the wall. 
There are ninety-six two-wire and twenty 
three-wire Universal type dimmer plates. 

Each dimmer plate has a large wheel 
fastened to each contact arm to which 
flexible cable is attached. The flexible 
cable makes the connection over several 
poles to each dimmer handle on the main 
switchboard. By moving the dimmer 
handles downwards the contact arm on 
the dimmer plate is moved over the seg- 
ment of studs, thus bringing the resist- 
ance into the circuit and gradually dim- 
ming the lamps. The three-wire system 
is used. The neutral wire from the cir- 
cuit switch leads directty to the lamp cir- 
cuits. The positive and negative wires 
from the circuit switch run each into a 
dimmer plate and are then continued to 
the lamp circuits. 

Eight border lights are suspended by 
Each of these 
border lights is seventy-two feet long, and 
is wired for seventy-two fifty-candle-power 


wire cables on the stage. 





Fig. 5.—Open-Box Arc Lamp, witn Hoop. 


white lamps, thirty-two- 
‘andle-power amber lamps, forty-eight 
thirty-two-candle-power red lamps, and 
forty-eight thirty-two-candle-power blue 
lamps. These border lights are adjust- 
able and can be hung at any angle. They 
are made entirely of galvanized iron and 
have special highly polished reflector par- 
titions between each lamp. These par- 
titions are V-shaped and are designed to 


forty-eight 
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avoid interference of light from different 
colored lamps, and at the same time aid 
in throwing out the light rays. The bor- 
der lights are specially wired, the left 
and right halves on the border being con- 





Fic. 6.—LENs-Box, with Hoop. 


trolled independently by the correspond- 
ing master switch on the switchboard. ,An 
eighty-four-conductor border light cable is 
used for feeding the circuit in the border 
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light from a panel board in the fly floor. 
Similar border lights are used in the 
Belasco Theatre, New York city, with ex- 
cellent results. 

The footlights are in two sections, 
placed in a trough at the front of the 
stage. Each footlight section is curved 
and has a wrought-iron hood across the 
stage for the protection of the lamps and 
for shielding the light from the audience. 
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Special partitions are placed between the 
lamps to prevent the glare of the lights 
from annoying the occupants of the side 
boxes. These partitions permit the light 
to be thrown directly on to the stage to 
illuminate the feet of the performers and 
Dif- 
ferent colored lights can be used in each 


dancers, as well as the back drop. 


half of the footlights, and each color in 








Fic. 8.—Opren-Box AND LENs-Box CoLoR 
FRAMES. 


each half is controlled by a 
switch and dimmer. 


The proscenium lights are situated on 


separate 


hoth sides of the stage, and constructed 
to fit the space allowed, and the curve of 
the wall of the proscenium arch. They 
are made of reflector tin and wired for 
four colors, as follows: fifty thirty-two- 
candle-power white lamps, _ thirty-six 
thirty-two-candle-power red lamps, thirty- 
six thirty-two-candle-power blue lamps, 
thirty-six thirty-two-candle-power amber 
lamps. Each side is controlled by sep- 
avate switches, the general arrangement 
being similar to that of the border lights. 





Fie. 


9.—CoLok WHEEL 


The stage pockets used are of cast iron, 
and the receptacles with the supporting 
contacts are made of Austrian slate. The 
are pockets (Fig. 3) are of fifty amperes 
capacity, while the incandescent or bunch- 
light pockets are of twenty-five amperes 
capacity. In all, 272 pockets are used, as 
follows: Sixteen are pockets, sixteen white 
bunch pockets, sixteen amber bunch pock- 
ets, sixteen red bunch pockets, sixteen 
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blue bunch pockets, sixteen white trans- 
parent pockets, sixteen amber transparent 
pockets, sixteen red transparent pockets, 
sixteen blue transparent pockets. Each 
color of the incandescent pockets has an 
extra switch and dimmer on the switch- 
board, and these are divided by the mas- 
ter switches, in the right and left halves 
of the stage. On either side of the pro- 
scenium is a light platform provided with 
three are pockets. 

In front of the fly floor on right and 
left sides of the stage are special plat- 
forms for arc lights. These light plat- 
forms or bridges are equipped with arc 
pockets, controlled by separate switches 
from the switchboard. The musicians’ 
floor is directly in front of the stage and 
has 100 single stage pockets for orchestra- 
stand lighting. Besides these stationary 
lighting appliances, a number of portable 
equipments are used. 

A large number of are and effect lamps 
are also used. Ten open-box are lamps 
(Figs. 4 and 5) are operated from the 
light platforms on the left and right fly 
floor, while four of these are used on the 
stage floor. These lights are designed to 
throw an even light on the scenes of the 
play. They illuminate an area of forty 
feet and give a light of about 4,000 


candle-power. The open-box or Olivette 


are lamps are provided with grooves 
for color slides to allow a _ change 
of light from daylight to moon- 


light, or vice versa, and are fitted with 
a specially enclosed rheostat fastened on 
the bottom of the stand. The rheostat is 
connected to an enclosed knife-switch and 
the are lamp in the hood is supplied with 
current by flexible asbestos-covered wire. 
A piece of flexible No. 10 stage-cable sup- 
plies the current from the stage pocket to 
the switch-box on the are lamp. The 
head into which the hand-feed arc lamp is 
fastened is made entirely of iron, with a 
screen door in front to prevent sparks 
from falling out. This screen door has 
spring hinges to keep it closed. The hood 
itself is well ventilated and is removable 
from the stand, which is made of wrought 
iron and is of a telescopic pattern. In 
addition to these are lights there are lens- 
are lights, and lens boxes of the 
type shown in Fig. 6. 

In moving the are away from the con- 
densing lens a small focus is obtained, 
or vice versa. The head is provided with 
a swinging attachment, which enables the 
operator to follow the performer with the 
light in any required direction. The 
entire side of the lens-box head is made 
into a door, so that when the door is open 


box 
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the operator can adjust his carbons in the 
are lamp very readily. 

The arc lamp in hood is fastened to an 
iron frame support with brass spindles. 
The upper carbon holder is stationary, 
and the lower is adjustable in such a man- 





Fic. 10.—DouBLE . Batcony LENs- Box AND 


Coton WHEEL. 


ner that it can be adjusted by the opera- 
tor at any time. The carbon holders are 
provided with carbon drops. The arc lamp 
is operated by the wooden handle under- 
neath the box. (See Fig. 7). 

Fig. 8 shows the open-box and lens-box 
color frames with gelatine mediums as 
used in front of are lamps for producing 
colored lights. Open-box frames for color 





Fic. 11.—AUTOMATIC LIGHTNING STRIKER. 


mediums are generally made of wood in 
two halves, with the gelatine medium be- 
tween. Lens-box frames are made of iron 
with opening for sliding colored gelatines 
in position. Special large frames with 
three different colors are made to produce 
twilight effects. These larger frames are 
generally used on open-box arc lamps 
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with a special oak frame for sliding the 
instead of 
9 shows a 
lens-box color wheel, and Fig. 10 a double 


gelatine frame up and down 
sideways, to save room. Fig. 
front light and color wheel for illuminat- 
ing the entire stage. 

Silk mediums in rolls of seven colors 
show a gradual transition from sunlight 
to twilight, and moonlight, or vice versa. 
Four special-lined reflectors are used from 
the light platforms in fly floor for sun 
effect, or whenever a powerful light is 
required. Four sciopticons are used on the 
stage, or are placed where an electrical 
effect is wanted. The apparatus is op- 
erated from the musicians’ floor to cover 
the entire stage with water in the opera 
“Das Rheingold.” It is also used for 
showing the Walkiires riding through the 
clouds in the opera “Die Walkiire,” and 
a number of other electrical effects and 
illusions, which make an impression upon 
the eye, and add to the scene. ‘The sciop- 
ticon is similar to a spotlight and can be 
used as such. The electrical effects are 
interchangeable and are generally made 
on mica discs eighteen inches in diameter, 
operated by double-spring clock-work, 

A number of other electrical devices are 
employed, for producing thunder, operat- 
ing wind-machines, and lightning-flashes. 
Several lightning strikers (Fig. 11) are 
placed anywhere on the stage or fly floor 
for a storm scene. The operator on the 
stage simply presses a button and a flash 
of lightning similar to nature is pro- 
duced. The automatic lightning strikers 
are enclosed in an iron box with fine wire 
mesh in front, and takes the place of 
the old carbon and file lightning. 

A complete system of signal lighting is 
installed and twenty-eight house-tele- 
phones are distributed all over the theatre. 
Thirty-eight electric call-bells are used for 
signals and for the dressing-rooms. 

An electric time-beater is operated by 
the leader of the orchestra to give the 
cues to the different choruses on the stage 
or fly floor, and there is also a system of 
light controllers. These show the differ- 
ent colored lights required and _ the 
strength wanted. They are operated by 
the stage-manager when he wishes to com- 
municate with the electrician regarding 
the colors of the lights, and what part 
of each should be used. 

A new electrical device has recently been 
added for raising and lowering the curtain 
and scene-drop from a little switchboard 
on the stage floor, and by operating a 
push-button and master-lever, the scene 
drops can be worked at will, without 
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manual labor. A complete change can 
be made instantaneously. An entire scene 
can be raised and another scene lowered 
at one time by simply setting the corre- 
sponding push-button and operating the 
master-lever. 

In operating the electrical equipment, a 
house staff of six men are employed. How- 
ever, for each performance ten operators 
are engaged, in the light platforms, on 
the fly floor, two on the proscenium light 
platforms, four on the stage floor, besides 
four to six operators for clearing, and one 
chief operator for the electrical effects. 
The entire electrical equipment and op- 
erators are in charge of a chief electrician. 


a> 
> 


Grand Prize for the American 
Museum of Safety Devices. 
Word has been received that the In- 

ternational Jury in the section of Social 

Economy at the International Book, 

Paper and Publicity Exposition, which 

closed in Paris last month, made an award 

of the Grand Prize to the American Mu- 
seum of Safety Devices and Industrial 

Hygiene. A Diploma of Honor, the sec- 

ond highest award, was made to Charles 

Kirchhoff and T. C. Martin, respectively 

chairman and vice-chairman of the mu- 

suem’s advisory council, also to Dr. L. L. 

Seaman and Rudolph Lenz for their ac- 

tive interest in promoting the work of 

the museum. 

It will be remembered that at the re- 
cent public demonstration held under the 
auspices of the museum at the Museum of 
Natural History, a number of electrical 
manufacturing companies exhibited safety 
apparatus and appliances. 

The museum is now occupying the en- 
tire fifth floor at 231 to 241 West Thirty- 
ninth street, New York city. Inquiries 
for space, exhibits and other information 
should be sent to Dr. W. TH. Tolman, di- 
rector of the museum. 


a 
—_ 


The Chicago Telephone 
Franchise. 

The Chicago Telephone Company’s 
franchise extension ordinance for a pe- 
riod of twenty years was passed by a vote 
of forty-four to twenty-three, after the 
city council had been in session seven- 
teen hours, on the morning of Thursday, 
November 7. The changes in the fran- 
chise are few, and it is in practically the 
same condition as reported by the Com- 
mittee on Gas, Oil and Electric Light, 
and approved by the telephone company. 
The schedule of rates remains practically 
the same. The flat business rate of $125 
is continued, and the city receives three 
per cent of the gross receipts, including 
the charges for tolls. Mayor Busse has 
signed the ordinance. 
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THE DIELECTRIC STRENGTH OF INSU- 
LATING MATERIALS AND THE 
GRADING OF CABLES.' 


BY ALEXANDER RUSSELL. 





In power transmission, whether by 
direct or alternating current, the saving 
of copper effected by using very high 
pressures has directed the attention of 
to the 
cables which will withstand pressures of 
100 kilovolts and upward. To design 
cables which will successfully withstand 
these pressures a knowledge of the electric 
stresses to which the various insulating 


manufacturers construction of 


materials round the core will be subjected 
under working conditions is essential as 
well as an accurate knowledge of the di- 
electric coefficients, dielectric strengths 
and resistivities of the insulating wrap- 
pings. In what follows the author 
discusses, first, the laws of disruptive 
discharge; next, the methods of measur- 
ing the dielectric strengths of gases, 
liquids and solids, and, finally, the elec- 
tric stresses on the insulating materials of 
a single-core cable, with special reference 
to the grading of cables. 

In Mervyn O’Gorman’s paper? valuable 
suggestions are made for the scientific 
grading of cables, and a useful table is 
given of the values obtained by various 
experimenters for the physical data of 
many of the ordinary insulating materials 
used in practice. Some of the numbers 
given, however, must be taken only as 
rough first approximations, as the tem- 
perature of the material. the shape of the 
testing electrodes, etc., are not stated. 

In the classical paper* read by E. Jona 
to the International Congress at St. Louis 
in 1904 will be found many important 
theorems in connection with the manu- 
facture of high-tension cables. In his 
papers also to the Italian Electrotechnical 
Association (Vol. vi, p. 3, and Vol. xi, 
p- 47) he gives very valuable data on the 
dielectric strengths of oils, ete., and of 
liquid air. Specimens of Jona’s “graded” 
cables working at twenty-five kilovolts 
were shown by Pirelli & Company at the 
Paris Exhibition in 1900. Last year also, 
at the Milan Exhibition, his cables were 
shown working at seventy-five kilovolts. 

The Stress on the Dielectric—The best 
way of picturing what happens in a di- 
electric is by means of Faraday’s tubes 
of force. We picture one end of one of 
these tubes anchored to a unit positive 
charge on the positive electrode and the 


1Paper read before the Institution of Electrical 
Engineers of Great Britain. November 14. Condensed. 

2/.1. E. E., Vol. xxx, p. 608, March, 1901. 

3Trans. Int. Cong., St. Louis. Vol. ii, p. 550. 
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other end anchored to a unit negative 
charge on the other electrode. By the re- 
sultant force at a point is meant the force 
with which a unit positive charge placed at 
the point would be urged if it could be 
placed there without disturbing the dis- 
tribution elsewhere. It follows at once 
from the definition of potential that the 
resultant force at a point in a dielectric 
is equal to the rate at which the potential 
diminishes as we move along the line of 
force through the point. It is measured, 
therefore, by the potential gradient in the 
direction of the resultant force at the 
point, and this is the term that elec- 
tricians customarily employ. It is also 
equal to 4 m times the value of Faraday 
tubes which pass through unit area of the 
equipotential surface at the point. When 
regarded in this way it is generally called 
the electric intensity at the point. It 
has to be remembered when reading the 
literature of the subject that “the result- 
ant electric force,’ “the potential gra- 
dient,” and “the electric intensity” are 
all used to denote the resultant electric 
stress at a point. 

Dielectric Strength— The dielectric 
strength of an isotropic insulating mate- 
rial in a given physical condition is the 
maximum value of the electric stress 
which it can withstand without breaking 
down. 

Faraday’s Criterion for Disruptive Dis- 
charge—In his “Experimental Researches 
in Electricity,’ Vol. i, p. 436, Fara- 
day states that “discharge probably oc- 
curs, not when all the particles have 
attained to a certain degree of tension, 
but when that particle which has been 
niost affected has been exalted to the sub- 
verting or turning point.” He 
sidered it probable, therefore, that the 
disruptive discharge would ensue when 
the electric intensity at the point sub- 
jected to the maximum stress attains a 
definite value. It is now well known that 
part of an insulating material can break 
down without a disruptive discharge 
necessarily ensuing. For instance, when 
brush discharges occur from an electrode 
in air part of the air surrounding the 
electrode has become a true gaseous elec- 
trolyte, and its insulativity has therefore 
broken down. The air at the boundary 
of this electrolyte has not broken down 
because the electric stress to which it is 
subjected has not reached the “subvert- 
ing” value. 

It is not therefore safe to conclude that 
a disruptive discharge ensues the moment 
the maximum electric stress at any point 
of the dielectric between the two electrodes 


con- 











SO6 





attains the breaking-down value for that 
dielectric. 
tion of the dielectric may relieve the elec- 
A disruptive 


The breaking down of a por- 
5 


tric stress on the remainder, 
discharge ensues only when the breaking 
down of part of the material leads to the 
electric stress on the remaining part being 
greater than it can withstand. 

The Maximum Electric Stress Between 
Equal Spherical Electrodes—The easiest 
way of finding the dielectric strength of 
insulating materials is by finding the dis- 
ruptive voltage between two equal spheri- 
cal electrodes embedded in the material. 
The that, if the 
spheres be at a less distance apart than 


author has shown! 


twice the diameter of either, a disruptive 


discharge will ensue the moment. the 
maximum electric stress between the 


spheres equals the dielectric strength of 
In order to ecaleulate the 
maximum the 
of discharge we must know the potential 


the material. 
electric stress at instant 
and size of each sphere and the distance 
hetween them. 

Let a be the radius of each sphere and 
be the minimum distance between 
them. first suppose that 
sphere is at the potential V,, and that the 


this case 


let r 


Let us one 


other is at zero potential. In 


the maximum electric stress, Rae, be- 
tween them is given by 

. ceili muse 

Ps s, = CN: DVT as 
where the values of 7, can be found from 


Table IT. 


given in the author’s paper (/.c. ante). In 


x proof of this formula is 


the important practical case when V, = 
— VV, = V/2, is the potential 
of the second sphere, we have 
CE) ip 
where f can be found from Table I. 
and V, be the 


tentials of the two spherical electrodes, 


where V, 
Rmar. = 


In general, if V, po- 


we have 


where f and f, are functions of a/a, the 
values of which can be found from Tables 
I and II. 
Hence by this formula we can calcu- 
late the dielectric strength of the mate- 
rial from the potentials of the electrodes 
at the instant of the disruptive discharge. 


The Air—In 
Table ITT the values of 2 and V are taken 


Dielectric Strength of 
from Dr. Zenneck’s work, “Elektromag- 
Drahtlose 


They are 


Schwingungen und 
1905, p. 1,011. 
Algermissen, and are deduced 


netische 
Telegraphie,” 
due to J. 


from the average of the values obtained 


1 Phil. Mag. (6), Vol. ii, p. 258 (1906). 
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on different days under varying condi- 
tions. It has been assumed that the po- 
tentials of the electrodes are + V/2 and 
— V/2 respectively at the instant of dis- 
charge. As the results in the last column 
are very approximately constant the as- 
sumption is Justified. 


TABLE I.—VALUES OF f. 








“a ¥. v/a ie 
O.0 1.000 2 1.770 
O.1 1.054 3 2.214 
0.2 1.068 4 2.677 
OL3 1 5d 3.151 
0.4 hs 6 3.632 
0.5 i 7 4.117 
0.6 Ls Ss 4.604 
0.7 a 9 9.095 
OLS Pee 10 D.586 
0.9 1 Loo 50.51 
1.0 i 1,000 DOO LD 
Es) Lt 10,000 5,000.5 
TABLE If1.—VALUES OF hi: 

“e/a. Ji. w/a, gts 
oO.0 1.000 2 2.339 
0.1 1.0384 3 3.252 
0.2 1.068 4 4.201 
O13 1.106 oD 5.167 
O.4 :. 368 6 6.143 
0.5 1.199 7 7.125 
O.6 1.253 Ss Stat 
O.7 1.313 9 9.100 
OLS 1.378 10 10.091 
0.9 1.446 Loo 100.0 
1.0 ys rg 1,000 1,000 

ie) 1.909 10,000 10,000 


TABLE III. 


J. Algermissen. Five-ventimetre spheres (a = 2.5). 


« is measured in centimetres and V in kilovolts. 

a. wa. f (eale). V (obs). — 
> 4) O.SO Ls 58.2 37.3 
rar 4 U.SS Ls 62.8 37.5 
2.4 0.96 Ls 67.0 37.5 
2.8 1.04 Ls TO.8 37.4 
2.8 1.22 iW 74.4 37.4 
3.0 1.20 s TS.0 37.4 
Diese 1.28 ie $81.3 37.3 
oO. 1.36 iO 84.7 37.4 
3.6 1.44 i ae: S8.U 37.5 
3.8 1.52 1.3 91.2 37.6 
1.0 1.60 1. 94.2 37.7 
4.2 1.68 aS 97.2 37.5 





In this table Ras. has been calculated 
by means of the formula 
Ruse = (V/2)f. 

From the above results, and from many 
other experimental results obtained with 
both alternating and direct pressures, the 
author that the dielectric 
strength of air under normal conditions is 
about 3.8 kilovolts per millimetre. The 
practical the dielectric 
strength of air under ordinary atmospheric 


concludes 


constancy of 


conditions is recognized in the standard- 
ization rules (1907) of the American In- 
stitute of Electrical Engineers. 

Failing Cases in Practice 
formule can not be applied in practice 


The above 





when the electrodes are at microscopic 
distances apart. G. M. Hobbs? has shown 
that 


LS 10 


when w is less than 3 » (where 
* metres) the sparking poten- 
tials are practically independent of the 
nature of the gas between the electrodes. 
They depend, however, on the metal of 
When the 
electrodes are very close togther, it has 


which the electrodes are made. 


to be remembered that our assumption of 
an isotropic medium bounded by smooth, 


! Phil. Mag. (6), 10, p. 617 (December, 1905). 





Vol. 51—No. 20 


rigid equipotential surfaces is no longer 
permissible. If the surfaces were mag- 
nified sufficiently they would be seen to be 
rough, and the dielectric surrounding the 
microscopic projections would probably be 
jonized. In these circumstances, there- 
fore, accurate calculations would be diffi- 
cult. 

Hence, in determining 
strengths it is necessary to have the elec- 
trodes at appreciable distances apart, and 
therefore high voltages must be used. It 
is not safe to calculate dielectric strengths 
from the observed disruptive voltages 
when the electrodes are less than a milli- 
When a maximum inaccu- 


dielectric 


metre apart. 
racy of more than one per cent is not per- 
missible, they should be at least half a 
centimetre apart. 

It has also to be remembered that the 


formule for the maximum value of the 


clectrie stress on the medium between 
spherical electrodes have been obtained 
on the assumption that the Faraday 


tubes are in- statical equilibrium. — In 
the case of impulsive rushes of elec- 
tricity, or with alternating pressures at 
exceedingly high frequencies, the disrup- 
tive voltages seem to be independent of 
the shape of the electrodes. 

Measuring the Dielectric Strength of 
The dielectric strength of a gas 





Gases 
may be deduced from experiments on the 
sparking voltages between spherical elec- 
The containing vessel for the gas 
should be large with the spherical elec- 
The diameter of 


trodes. 


todes near the centre. 
the supporting rods should be small com- 
pared with the diameter of the electrodes, 
and care should be taken that no conduct- 


ing materials or insulating materials 
having dielectric coefficients different 


from the gas are in the immediate vicin- 
ity of the electrodes, otherwise the dis- 
tribution of the Faraday tubes between 
altered and our 
formule will not apply. It is usually best 
to earth the middle point of the secondary 


the electrodes will be 


coil of the transformer, or the middle 
point of the batteries used, so as to make 
the potentials of the electrodes equal and 
opposite at the instant of discharge. 

If K/2 and — E/2 be the potentials 
of the electrodes, at the instant of dis- 
charge, when direct voltages are used, we 
have 

Rinse. = (E/z)f, 
where Ryu. is the dielectric strength of 
the gas, a the minimum distance between 
the electrodes, and f a number which can 
he obtained from Table I. The nearest 
points on the electrodes should not be 
closer than about half a centimetre, and 
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their diameter should be about five centi- 
metres. With air at atmospheric pressure 
a voltage slightly less than twenty kilo- 
volts would be required when 2 was 0.5 
centimetres. 

When alternating pressures are used it 
is absolutely necessary to know the ratio 
of the maximum voltage E to the effect- 
ive voltage V. Let this ratio, which is 
sometimes called the amplitude factor, be 
denoted by &, then our formula is 





Wescce a (k V/x)f. 
Steinmetz’s method' of putting the 
electrodes into nitrate of merenry and 


rubbing them with a clean cloth before 
and during the experiments is to be com- 
This is especially necessary 
are only a small dis- 


mended. 
when the electrodes 
tance apart. 

The pressure, temperature and humid- 
ity of the gas must be given. 

Dielectric Strength of Liquids—The 
liquid to be tested is generally placed in 
a vertical glass cylinder about two inches 
in diameter. Spherical electrodes about 
half an inch in diameter are immersed in 
the liquid, and the distance between them 
is varied by means of a micrometer screw. 
The formule for deducing the dielectric 
strength from the disruptive voltage are 
the same as for a gas. 

The electrodes should not be less than 
0.3 of a centimetre apart, and at this dis- 
tance forty or fifty kilovolts will be re- 
quired to break down good insulating oils. 
In some cases when moisture is present 
much smaller voltages suffice. 

In order to find the true dielectric 
strength of an oil, it is necessary to thor- 
oughly dry before the test. This can be 
done by letting hot air bubble up through 
it. It is inadvisable, however, to heat the 
oil above 100 degrees centigrade, as con- 
siderable discoloration often results and 
its physical state alters. When oils are 
dried in this way* perfectly consistent re- 
sults can be obtained. 

Dielectric Strength of Isotropic Solids 
—lf the spherical electrodes can be en- 
tirely embedded in the insulating mate- 
rial then we can proceed as for liquids 
and gases, the same formule being em- 
ployed. 

The method frequently adopted of put- 
ting thin sheets of the insulating material 
between metal electrodes in air is of 
doubtful value. As the voltage is 
creased the air surrounding the electrodes 
is broken down long before the disruptive 
The insulating mate- 


in- 


voltage i is reached. 


1C, P. Shinai: Transactions of pape lngy Institute 
of Electrical Engineers, Vol. xv, p. 281 (1898). 
2R. B. Trent, Electrical World, Vol. xlix, p. 441 (1907). 
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rial heats excessively, and the maximum 
electric stress to which it is subjected can 
not be calculated, as the temperature is 
rarely uniform throughout, and the re- 
sistivity of the medium and the dielectric 
coefficient vary with the temperature. Re- 
sults obtained by neglecting the variations 
of the electric stress due to temperature 
are useful only when all the conditions 
of the experiment are mentioned. 

Dielectric Strength of Molotropic 
Solids—When the insulating material 
xolotropic the calculation of the electric 
stresses is very difficult. They vary with 
the dielectric coefficients and the resistiv- 
ities of the various constituents, and, 
we have just mentioned, these quantities 
vary rapidly with the temperature. Ac- 
curate measurements of the mean dielec- 
tric strength are therefore in many cases 
almost impossible. 

It is the opinion of many of the engi- 
neers connected with manufacturing com- 
panies that the testing 
times specified by consulting engineers 
are too high, and that the times for which 
they are to be applied are too long. Most 
insulating materials are composed of or- 
ganic matters, and are therefore not quite 
isotropic, and so the effect of applying an 
excessive pressure to a cable or a piece of 
electrical apparatus for a considerable 
time is often to carbonize part of the di- 


pressures some- 


electric. This permanently weakens it 
mechanically, and may shorten its life 
considerably. 


Stresses in a Concentric Cable Having 
an Isotropic Dielectrice—Let the outer 
radius of the inner conductor be a and the 
inner radius of the outer conductor be b. 
Then the electric stress R at a point in 
the dielectric distant x from the axis is 
given by? 


R = V/; x log, (b/a)}, 


where V is the potential difference be- 
tween. the inner and outer 
The value of R is independent of the ab- 
solute potentials of the two conductors, 


conductors. 


and it obviously has its maximum Rw. 
when « = a, Hence 
Rmar. = V/j a log, (b/a)}, 


If V and } remain constant 
d R V 
<< \a@ log, (b/a\* 
‘1 —log, (b/a)}. 
Hence if @ be less than b/e where 


Naperian logarithms, 
diminish as a 


the base of 


will 


e is 
Remax: 
this case we see that the breaking down 
of the round the 


increases. In 


dieleetrie inner core 


1A, Russell, * Alternating Currents,” Vol. i, p. 95. 


By trial we find that n = 1. 
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diminishes the maximum stress 
It is 
when the radius of the charred di- 
get than b/e that a dis- 
ruptive discharge ensues. 

Suitable 
Main—Let us suppose that the maximum 
the density of the cur- 
rent in the inner conductor and the maxi- 


actually 
to which the dielectric is subjected. 
only 
electric greater 


Dimensions for a Concrete 


working voltage V. 
mum permissible stress to which the di- 


Let 
cylindrical 


electric may be subjected, are fixed. 
us first suppose that the inner 
that its 
the 


and radius 
then, V/d be 
permissible stress, we have 


a. 


conductor is solid, 


isa, Hf, maximum 


a log, (6/a) e* 
and thus 
b —=ae d/a, 
Hence also 
db : ; d 
= «4a ( 1 — ). 
d a t 
If, therefore, « be greater than d, 
b/d a is positive, and therefore } in- 
creases as @ inereases, but if a be 


diminishes as «= in- 
latter case it 


than d, Db 
the 
advantageous to 


less 
creases. In would 


obviously be make the 


inner conductor hollow, its section re- 
Inaining constant, so as to increase the 


value of @ and diminish the value of 6. 
The quantity of armoring and insulating 
material used would be diminished by this 
that 
if a solid inner conductor of the required 


procedure. We conclude, therefore. 
cross-section would have a radius less than 


d, the inner conductor should be made 
hollow and its outer radius should not be 
less than d. 
advantageous to make the inner conductor 
of aluminum. 

Although the inner radius of the outer 
conductor begins to increase when a gets 
than d, the following reasoning 
the dielectric 
required diminishes until @ gets greater 
than 1.25 d. 

Using the same notation, 


In some eases it would be 


greater 
shows that the quantity of 


the area of 
the 
cable is * (b? — a®), and we have to find 
the value of « that makes a? (¢ “/« (—1) 
a minimum. 


the cross-section of the dielectric of 


Differentiating with respect 
to a and equating to zero, we get 
eda = @/(a— a). 
Let a == nd, then 
2/n = log, n — log, (x —1). 
Zot ... 
fies this equation, and hence, when » has 


Satls- 


this value the quantity of insulating ma- 


terial required is a minimum. In this 
case a = 1.254d, b 2.784, and b 
2.22 a. As the saving of insulating ma- 
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terial effected by increasing a from d to 
1.25 d is only about three per cent it is 
of little importance compared with the 
increased cost of the armoring. 

We conclude, therefore, that high-press- 
ure concentric cables, having isotropic 
dielectrics, for use at a maximum voltage 
V should be constructed so that b = 
ae, where V/d is the maximum per- 
inissible working stress to which the di- 
electric may be subjected, and a should 
never be made less than d. 

(To be concluded.) 


a 


The Manchester Section 
of the Institution of Elec- 
trical Engineers of Great 
Britain. 


The Manchester section of the Institu- 
Electrical Engineers, of Great 
has announced a provisional pro- 
1907-1908 The 
opening meeting was held in the Midland 
Hotel, Manchester, England, on Tuesday, 
when the chairman, M. B. 
The 
remaining meetings of the season will be 
held at the physical laboratory of the Uni- 
versity of Manchester. The following pro- 
gramme has been announced: November 
26, H. W. Wilson, “Further Remarks on 
the Electrical Operation of Textile Fac- 
tories:’ December 10, Thomas F. Wall, 
“The Reluctance of the Air-Gap in Dyna- 
mo Machines;” January 7, 1908, G. W. 
Worrall, “Magnetic Oscillations in Alter- 
nators:” January 21, C. H. K. Chamen, 
“High-Voltage Transmission and Distrib- 
ution from a Mainsman’s Point of View ;” 
February 4, J. S. Peck, “Protective De- 
vices for High-Tension ‘Transmission 
Lines ;” February 18, W. Hoult, “Direct- 
Current Turbo-Generators ;” February 28, 
annual dinner: March 3, Professor A. 
Schwartz and W. H. N. James, “Investi- 
gations on the Operation of Enclosed 
Fuses ;’ March 17, Eustace Thomas, “The 
Management of Engineering Workshops ;” 
March 31, Professor W. W. H. Gee, “Elec- 
trolvtic Corrosion;” April 14, general 
meeting; M. Kloss, “Alternating-Current 
Turbo-Generators.” 


a 
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Chicago Elevated Traffic. 


Chicago elevated traffic shows the fol- 
lowing figures for October: Metropolitan, 
157,080 passengers, as compared with 
142,671 for October, 1906, a gain of 14,- 
409; South Side, 126,670, as compared 
with 93,577, a gain of 33,096; North- 
western, 108,806, as compared with 88.- 
344, a gain of 20,462. Metropolitan and 
Northwestern established new traffic rec- 
ords. South Side’s new Kenwood branch 
averaged 7,000 passengers a day. Metro- 
politan’s gain was made without any in- 
crease in its mileage. Northwestern’s 
Ravenswood branch furnished 11,000 pas- 
sengers a day. 





tion of 
Britain, 


gramme for its season. 


November 12, 
Field, delivered his annual address. 
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THE SCOPE AND FUTURE OF 
ENGINEERING.' 


BY DR. C. V. DRYSDALE. 


The scope of engineering is a remark- 
ably wide one; in fact, it was, perhaps, 
easier to enumerate the subjects which 
were outside its province rather than to 
deal completely with those included under 
engineering. It has been said that en- 
gineering is the direction of the forces 
of nature to the use and profit of man- 
kind, a definition which, though some- 
what comprehensive, serves to indicate 
the position of the engineer in society, 
and the aim to be kept before him. It 
is not too much to say that the engineer 
is more essential to the advance of man- 
kind than any other individual. Although 
history deals with the parts played in the 
development of nations by rulers, states- 
men, and generals, the real progress of 
mankind has been due to the engineers 
who have been working behind them, de- 
signing and constructing the tools, build- 
ings, vessels, and weapons which have 
heen required. 

The 
may probably be found in the art of tool 
making, an art which has become of ever- 
increasing importance from the most 
primitive state of mankind to the high- 
est civilization. Not long behind must 
have come the construction of edifices, be- 
ginning with the rudest of huts and con- 
tinuing to the construction of the large 
buildings and other structures of the 
present time. Next to this came the 
making of roads and the development of 
the means of transport. Among the 
Yomans the idea prevailed that the first 
three steps in civilization were to make 
roads, more roads, and more roads still. 
It can not be gainsaid that the facility 
of locomotion, and of interchange between 
various tribes and nations is the greatest 
possible agency not only for the improve- 
ment of social conditions, but for the 
elimination of misunderstandings and 
wars. The importance of this facility of 
locomotion is even greater to-day than it 
has ever been, the tendency of modern in- 
dustrialism having been to consolidate 
factories and people into towns, with con- 
sequent serious injury to the physique of 
the race, and every effort should be made 
to facilitate and cheapen transport until 
the necessity for condensation in large 
centres became unnecessary. The easy 
communication between nations also is of 
the greatest importance towards the pro- 


commencement of engineering 


1 From an abstract. ‘published _ in “the Electrical 
Engineer, London. of an address delivered before the 
Northampton Institute, England. 
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motion of international good feeling and 
universal peace. There are three vehicles 
at our disposal for locomotion—the solid, 
the liquid, and the gaseous. In transpor- 
tation on the surface of land or water a 
considerable degree of success has already 
been achieved, and it now looks as if the 
conquest of the air was within measurable 
distance. Other branches of engineering 
of great importance are, the obtaining and 
treatment of raw materials, as in mining 
and metallurgical operations; the carry- 
ing out of hygienic and sanitary works; 
the provision of water supply; and mili- 
tary applications, both for protection and 
offense. Also, we have the sphere of agri- 
culture, in which although engineering 
has taken an important part, it is to be 
hoped that it will play a still more im- 
portant one in future. ; 

Finally, a very wide field for the en- 
gineer lies in the conversion of energy 
from one state to another. This energy 
is generally provided for us by Nature, 
either in the chemical form, as in coal, 
or in the mechanical energy of water. 
From the point of view of engineering, 
energy can be recognized in five principal 
forms—chemical, mechanical, heat, elec- 
trical, and light—and it can be converted 
from any one of these forms to any other. 
It is of interest to see what has been done 
in this direction—in which conversions 
we are most successful and which show 
the greatest oportunity for progress. In 
England the great interest lies in the con- 
version from chemical energy to the other 
forms. It is of interest to notice that 
there is no case of the direct conversion 
of chemical energy into mechanical work 
other than through the muscular systems 
of animals. By combustion or otherwise, 
chemical energy is easily transferred into 
heat with an efficiency of 100 per cent, 
and by means of a battery chemical energy 
could also be transformed into the elec- 
trical form with an efficiency of from 
eighty to ninety per cent. In this case 
however, the fuel employed—namely, zinc 
—is very costly, and no battery would be 
employed to a large extent, unless coal 
or other cheap fuel could be employed in 
it; up to the present no possibility of 
producing such a battery has been fore- 
shadowed. 

The chief means of obtaining mechan- 
ical power in England is from the heat 
developed by chemical action, through the 
agency of a heat engine; in this case the 
efficiency of the conversion is generally 
low (in the neighborhood of ten per cent), 
although the best forms of internal com- 
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bustion engine have reached efficiencies of 
something approaching forty per cent. 
Further progress in this direction is of 
great importance, but unfortunately ap- 
pears to be barred to a_ consider- 
able extent by the second law of thermo- 
dynamics, which insists that high effi- 
ciencies can only be obtained by working 
between wider limits of temperature. The 
conversion of mechanical to electrical en- 
ergy, and vice versa, effected by a dy- 
namo-generator or motor, was one of the 
most satisfactory and efficient of conver- 
sions, and as its efficiency is very high 
there is little likelihood of further advance 
in this direction, except in the cheaper 
construction of the machines. 

Of all conversions of energy, however, 
the most unsatisfactory hitherto had been 
the conversion to light. Light has chiefly 
been produced, in the past, from chemical 
energy through the agency of combustion 
and incandescence, with an efficiency of 
only about one or two-tenths per cent. 
The incandescent mantle has increased 
this to about one per cent; the ordinary 
carbon-filament incandescent lamp con- 
verts about two and one-half per cent of 
the electrical energy supplied to it into 
light, while the new metallic-filament 
lamps have raised this figure to nearly 
nine per cent; arc lamps may have effi- 
ciencies from ten to twenty per cent, or 
sometimes higher. This is a direction in 
which great progress has recently been 
made, and in which there seems a possi- 
bility of still greater developments. The 
glow-worm and fire-fly, the light of which 
apparently has an efficiency of something 
like 100 per cent, shows that there is no 
natural barrier to the attainment of a per- 
fectly efficient light, and this when found 
should give us something like ten to fif- 
teen candles per watt. 

Although immense benefits to mankind 
have resulted from engineering, it must 
be remembered that modern scientific en- 
gineering is only about a century old, and 
its development has been so rapid that 
many evils have arisen with it. Its bene- 
fits are shown in the fact that the luxuries 
of a century ago are the every-day posses- 
sions of all but the poorest at the present 


day. It has also made possible an enor- 
mous increase of the population of 


England. Prior to the beginning of the 
nineteenth century it took about 500 years 
for the population of the British Isles to 
double to about 11,000,000. In the single 
century which followed the population, 
roughly speaking, doubled twice, being 
about 43,000,000 at its close. This in- 
crease has been almost entirely due to 
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engineering, ‘the’ improvement “of the 
means of transport, the producing of 
manufactured articles to exchange for 
food grown in other countries, and the 
cold-storage process. But as numbers and 
competition have increased, it has been 
realized that large schemes and specializa- 
The result 
of this, however, is that labor and capital 
become less mobile, and the majority of 
the people in the country are too special- 
ized to be able to change their occupa- 
tions; hence, with any great improvement 
in manufacture or change of demand, de- 
pression and unemployment result in some 
industries. This, coupled with the aggre- 


tion are essential to success. 


gation of industries into large towns, 
where the people are crowded together 
amid unnatural surroundings, has caused 
serious deterioration of the physique and 
the This result 
of industrialism, which tends to increase 


character of workers. 
with its progress, is a grave economic and 
social question, and should be kept before 
all who are entering the sphere of engi- 
neering. 

The only evil from which humanity 
suffers is ignorance. Nature has certain 
inflexible laws which govern existence, 
and those who are ignorant of these laws 
inevitably suffer. Our business is to study 
these laws, some of which assist and others 
which are injurious to us; to take advan- 
tage of those which are advantageous, and 
to avoid or circumvent the evil ones. The 
greatest difficulty of our time is that the 
mass of mankind is absolutely ignorant of 
these natural Jaws and their effects. and 
frequently desires what is useless or hurt- 
ful. As education progresses, however, 
the demand for things of real value will 
increase, and the wise engineer, or busi- 
ness man, is he who realizes in advance 
what this demand must be, and prepares 
to supply it. Diamond or gold digging is 
of little real value to mankind, except that 
a certain quantity of gold is convenient 
as a medium of exchange. All articles 
of fictitious or fancy value will tend to 
become less in demand as education pro- 
gresses, and in any case such articles are 
the first to be dispensed with in times of 
depression. The will succeed 
where the fancy shop fails, although dur- 
ing prosperous times the latter may flour- 
ish. The lesson to be derived from this 
is that the engineer, like the financier, 
must be alive to the real necessities of his 
fellow men, and thus intelligently antici- 


grocery 


pate their requirements, instead of at- 
tempting to meet or create an artificial 
or temporary demand. One of these re- 
quirements to which the engineer should 
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turn his attention is the provision of a 
greater food supply. There is an almost 
universal but false idea that the world 
produces ample food for its inhabitants, 
but, on the contrary, this supply is only 
about two-thirds of that required to nour- 
ish the race properly. The engineer who, 
by his improvements in agricultural ma- 
chinery or otherwise, assists in improving 
this state of affairs will not only be a suc- 
cessful man, but will earn the gratitude 
of the community. Let it be clearly un- 
derstood, however, that there is no neces- 
sitv for self-sacrifice in attempting to 
make such improvements. What is wanted 
is simply the enlightened self-interest 
which realizes that intelligently serving 
the public interest is really the best way 
of getting on oneself. At the same time, 
a realization of the important part which 
science and engineering play in social wel- 
fare naturally brings high ideals with it. 
It is very difficult to preserve such ideals 
among the rush of unenlightened self-in- 
terest which exists to-day, but that should 
not involve the throwing of these ideals 
overboard, nor should it involve the ship- 
wreck of the individual holding them. 
The rational course was to keep one’s 
ideals, like a star, in sight, and, while 
going along with the currents and avoid- 
ing the rocks, to take every possible op- 
portunity of turning one’s face toward the 
desired goal. 
> 
Recent Platinum Discoveries 
in Colombia. 

Consul I. A. Manning, of Cartagena, 

reports as follows on the exploration of 





Colombia for minerals: 

According to Don Leoncio Ferrer in 
El Choco, published in Quibdo, foreigners 
of various nationalities have arrived in 
the Atrato district of Colombia deter- 
mined to explore that region, with a view 
to the discovery and development of 
mines, and all seem to be impressed with 
the richness of the Choco mining district. 

The mayor of the province of Lloro 
also reports that in that region many im- 
portant discoveries of platinum deposits 
have recently been made; but it seems, 
from the fact that the authorities have 
given orders to permit no mine denounce- 
ments within a region covered by a league 
on either side thereof, that the govern- 


“ment intends to consider platinum a gov- 


ernment monopoly, as provided in a recent 
disposition of the Colombian Congress. 
This fact is likely to retard discovery, as 
it is sure to retard prospecting, if the 
prospector is not to have the benefit of 
his discoveries, 
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Testing Establishments in Germany. 

Attention is called here to the testing 
laboratory supported by the German gov- 
ernment. This is done on a large scale, 
although the laboratory is partly self-sup- 
porting. Any German manufacturer or 
user of material ean have systematic test- 
ing work carried out for commercial pur- 
poses, in an iimpartial manner, and at 
reasonable charges. Inventors and manu- 
facturers who desire complete and careful 
research into new ideas and processes can, 
if there is a reasonable prospect of the in- 
vestigation leading to the development of 
an industry, have the full assistance of 
the resources of the establishment and the 
advantage of trained testers to help them. 
In addition to this outside work, investi- 
vations are carried on by the staff of the 
establishment and these results are pub- 
that the 
demon- 


lished periodically. Tt is said 
this 


strated by the German cement industry, 


usefulness of institution is 


which owes much of its success to re- 


searches carried on there. This testing 
establishment, which is at Gross Lichter- 
felde, near Berlin, has an excellent equip- 
ment. of powerful testing machines for 
tensile or compressive tests up to 4500 
ions. There are also twenty machines 
employed for testing the effect of fatigue 
on. different materials, some of these ma- 
chines testing three samples simultane- 
ously. Arrangements have been made for 


control of the temperature of certain 


rooms during the tests. There is a mo- 


ior-testing establishment at the Borsig- 
werke, in’ Upper Silesia, where testing 
and inspection work may be carried out, 
but this establishment is operated by a 


private company.—.tbstracled from En- 
gineering (London), October 25. 
<é 


Electric versus Hydraulic Cranes. 
At the engineering conference of the 
Institution of Civil Engineers, of Great 
Britain, which was held during the past 
summer, a comparison of electric and hy- 
draulic cranes was made, rather to the 
detriment of the former, as it was asserted 
that the electric type is expensive to in- 
stall and causes high maintenance charges. 
A reply is here made to these criticisms, 
and instances are cited which are thought 
io prove that the cost of maintenance of 
eleciric cranes is less than that for the 


hydraulic. In one case, at Hammersmith, 
England, a crane has been working con- 
stantly for six vears. It has a lifting 
capacity of two tons at a radius of thirty- 
six feet, and five tons at a radius of fif- 
teen feet. On a recent occasion this crane 
was used for unloading coal, handling in 
all seventy-six tons. The power required 
for this purpose was forty-two kilowatt- 
hours, making the rate about one and one- 
fourth cents a ton, for unloading. The 
following day the same crane was used 
for handling broken granite, the cost of 
the power for this purpose being about 
iwo cents a ton. The record of the crane 
shows that in 1902 there was no expense 
for repairs: in 1903 the expense was 
$1.80: in 1904, nothing: in 1905, $3.50; 
1907, $28.50— 


These are the 


in 1906, nothing: and in 
an average of $6.50 a vear. 
actual results, and they are thought to 
compare well with any similar hydraulic 
installation. It is said that the electric 
crane is in great favor along the docks at 
Hammersmith, the dock owners preferring 
it to other types. A certain company at 
this place has several of these cranes, 
which have been running for three years. 
The cost of the repairs has been nominal, 
although a little greater than that of the 


company’s hydraulic cranes. The cost 
for power, however, is much less. An 
elecirie crane takes power only in propor- 
tion to the work it is doing, and the 


average load is not more than one-half 
or three-quarters that of its full rating. 
There is another instance at Blackwall 
where there are three electric cranes—one 
of three and the others of two tons lift- 
They handle about 80,000 


The consumption 


ing capacity. 
tons of goods a vear. 
of energy is 0.08 kilowatt-hours for each 
lift. 

hour. 


This costs three cents a_ kilowatt- 
These cranes have been working 
for fifteen months without repairs. Their 
satisfactory operation decided the 
company to install others of the same 
tvype-—Abslracted from the Electrical Re- 
view (London), October 25. 
Se 

Alternating-Current Crane Motors. 

In this section of a serial article on 
cranes, Hl. H. de- 
scribes the application of several types 


has 


electric Sraughton 
of alternating-current motors to crane op- 


eration. Good single-phase commutator 


motors may he designed, suitable for low- 
frequeney circuits, which have character- 
istics resembling those of the continuous- 
current series-wound motor. A motor of 
this type has been used in Germany for a 
number of electric crane equipments. In 
the 


closely resembles that of a continuous-cur- 


external — resemblance construction 
rent motor. The magnetic circuit, however, 
is laminated throughout and special pre- 
cautions are taken to insure sparkless com- 
mutation. Two cranes equipped in this 
way have been in use at the Cologne-Dentz 
Docks since April, 1905. 
for a maximum load of four tons each; 


The design is 


the radius of swing is nearly forty feet; 
the lifting speed from ninety-seven to 
115 feet a minute; the tétal lift sixty-nine 
feet ten inches. ‘The motors are of the 
Winter-Eichberg type, and each crane has 
one lifting motor rated at forty horse- 
500 


motors for 


power at revolutions and two. ten- 


horse-power traveling and 
slewing. The controller equipment is 
combined with a special transformer. The 
drawn 
network, 


power is from a_ single-phase, 
2.100-volt The 
power motor has ten poles and a single- 


forty-horse- 
phase stator. The armature is similar to 
that of a continuous-current motor. There 
are eight sets of brushes forming four 
short-circuit’ connections, and two addi- 
tional brushes for leading the exciting cur- 
the This 
develops twice the normal torque without 
The 


slewing motors are similar to the other, 


rent. into armature. motor 


harmful sparking. traveling and 


but they have only six poles. These de- 
veloped torques up to three and one-half 
times the normal without harmful spark- 
ing. Induction motors are unsuitable for 
crane purposes and should not be used 
when conditions permit of another system. 
This is because the induction motor is a 
constant-speed machine, and to secure the 
necessary starting torque it must be started 
inefficiently. Moreover, for this purpose 
the iron parts must be large in order to 
allow the necessary heavy flux to pass at 
starting. A further objection to these 
motors is the low clearance used, for 
crane motors are unavoidably subjected to 
heavy shocks, causing considerable wear 
on the bearings.—Abstracted from the 
Electrician (London), October 25. 
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On the Electric Arc Between Metallic 
Electrodes. 

Investigations of the electric discharge 
hetween metals have heretofore been con- 
fined either to the glow discharge in a 
high vacuum or to the are discharge at 
relatively high current densities, where a 
pronounced volatilization of both elec- 
trodes takes place. An attempt has been 
made by W. G. Cady and H. D. Arnold to 
examine the transition from the first form 
the 


metals, and the results are given here. 


of discharge to other for various 
The particular phases of the phenomena 
here studied are those observable at rela- 
tively small currents. The starting point 
of the investigation was an observation 
one of the authors, that the 
iron are, at a certain critical value of cur- 


made by 


rent, undergoes an abrupt change, some- 
what similar to the well-known hissing 
More recent ob- 
the effect is 
not to be compared with the hissing point 


point of the carbon are. 
servations have shown that 


of the carbon are, but is a different phe- 
nomenon. The authors examined the iron 
first in the 
When the are is first 
struck with fresh electrodes, oxidation im- 


are, free air as current is 


gradually increased. 


mediately commences, resulting in_ the 
formation of a mass of molten magnetic 
Thus the normal 
iron are in free air is really one between 


oxide on each terminal. 


terminals of magnetic oxide of iron. In 
free air, with a gap of three to six milli- 
metres, the are is generally in the first 
stage as long as the current is below one 
ampere. It starts from an intensely 
bright spot on the cathode, but the anode 
end is dim and diffuse. As the current 
is increased, the various parts of the are 
brighten and the terminal voltage de- 
creases in the usual manner. At a value 
a little over one ampere, a small decrease 
in external resistance causes an abrupt 
change to take place. The potential across 
the are drops about twelve volts, the cur- 
rent. inereases slightly, a distinct hissing 
sound is heard, and a bright spot appears 
on the anode. The are itself increases 
greatly in brightness. The question arose 
whether oxidation of the electrodes caused 
To test this the 
are was enclosed in an atmosphere of 
nitrogen. 


the hissing of the are. 


It was found that as long as a 
trace of black oxide remained on the elec- 
trodes both stages of the are could be ob- 
tained in nitrogen as well as in air; but 
when the discharge took place between the 
terminals of metallic iron, it presented the 
appearance of the second rather than the 
first stage, even when the current was re- 
duced until the are went out. This shows 
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the cause of the 
It was then 
suggested that in free air, without arti- 


that oxidation is not 


second stage in the iron are. 


ficial cooling, and at low current densities, 
the temperature of the anode is below that 
of vaporization of the metal—that is to 
say, the discharge has the character of an 
are at the cathode, but of a glow at the 
anode. To test this a small globule of 
iron was used as an anode in a cavity in 
the end of an electric light carbon, another 
carbon serving as the cathode. This ex- 
periment showed that the vaporization 
during the second stage was about seven 
times as great as in the first stage, agree- 
ing with the theory that the loss is due to 
vaporization of the iron. A spectroscopic 
examination also indicated a great in- 
crease in volatilization of the iron during 
the second stage of the are. The authors 


also have conducted some experiments 
with found that both 
stages could be maintained steadily only 
With lead, silver 
and carbon both stages could be secured 
Plati- 


num and iron free from traces of oxide 


other metals and 


with copper and iron. 
in nitrogen at reduced pressures. 


did not show a stable first stage under any 
condition.—A bstracted from the American 
Journal of Science (New Haven), Novem- 
ber. 
¢é 
Artificial Loading of Large High- 
Voltage Generators. 

At times it 

ing generators after installation, to secure 


is convenient, when. test- 


the load by supplying the power to operate 
motors, but for taking steam consum)- 
tion tests, N. J. Wilson thinks it is pre- 
ferable to load the generator from a di- 
rect. non-inductive resistance. He here 
describes the method employed for testing 
a machine rated at 5,500 
11,000 volts, and installed at the Chelsea 
station of the District 
The first 


consisted of three long, rectangular tanks 


kilowatts, 
power Railway 
Company, London. rheostat, 
of wood. The live electrodes, connected 
to the leads from the generator, were 
placed centrally, one in each tank, and 
six neutral electrodes were placed, one at 
each end of each tank, and all six con- 
nected together by a cable. To vary the 
resistance of the arrangement, the height 
The 
water flowed in one end of the tanks and 
out of the other. This arrangement of 


of water in the tanks was varied. 


electrodes maintained the two ends of each 
tank at the same potential and prevented 
shocks to the testing engineer. However, 


the wooden tanks were not satisfactory, 


as the wet wood acted as a shunt to the 
water and the heavy current 


passing 
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through it set it on fire. The tanks were 
then lined with glass plates, the joints 
being cemented, but the cement did not 
hold and the plan was abandoned. In 
place of it a larger circular iron tank 
fifteen feet in diameter and ten feet deep 
was used. Over this was placed an iron 
ring supporting the three active elec- 
trodes, the latter being insulated from the 
ring by two rows of high-tension insu- 
lators. The neutral or grounded elecirodes 
were placed in a Y-arrangement between 
the three active electrodes, and additional 
grounded plates were placed between ihe 
active electrodes and the iron tank. Water 
flowed into the tank from below and out 
at the top. 
resistance was too low, causing an over- 
load on the 


smaller electrodes were employed, bul thes 


With this arrangement the 
generator. To reduce it. 


caused severe arcing; therefore, the origi- 
nal larger rods were again taken and 
placed within twelve-inch terra-cotta pipes 
resting on the bottom of the tank. he 
top of these pipes came about two feet 
below the surface of the water. This gave 
the necessary inerease in resistance and 
it was found that the load could be varie-| 
satisfactorily by varving the length ol 
the terra-cotta pipes. One difficuliy en- 
countered in such work is the great varia- 
tion in the resistance of the water avail- 
able for conducting such tests: for ex- 
ample, when undertaking these tests it 
was found that, taking the resistance of 
well water at Manchester as unity, that of 
the town supply was thirty times as high, 
that of the Chelsea town abeut 
seven times, and that of the Clyde river 
water at Motherwell forty-eight times as 
Ifigh. this difficult to 


plan beforehand the type of water rheo- 


Water 


For reason it is 
stat needed, if the character of the water 
supply be not known. The author gives 
a few necessary precautions which shoul. 
he observed before attempting fo make 
the full-load artiticial 
load. Since the generator voltage is high, 


run on such an 
all the instruments and every part of the 
apparatus necessary to be handled should 
be earthed. The insulators suspending 
the electrodes should always be cleaned be- 
fore a test, and the thermometers, an-1 
other appliances on the generator, shculd 
be placed so that they can be observed 


without being touched. A complete set 


of isolating switches should always be in- 


stalled between the main switchboard ard 
the tank, so as to disconnect the latter 
from the supply when not in use.—.tb- 
the Electrical 
(Pittsburg), November. 


stracted from Journal 
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Jamestown Exposition 
Awards. 

James L. Farmer, secretary of the Jury 
of Awards, Jamestown Exposition, has 
notified the General Electric Company, 
Schenectady, N. Y., that it has been 
awarded two gold medals and a bronze 
medal on account of its exhibit at the 
exposition. 

The classification by which the jury 
was governed in granting the awards 
limited them to one in each department, 
while previous expositions have allowed 
separate awards for each class of material 
exhibited. The General Electric Com- 
pany’s exhibits are grouped in three de- 
partments: The Machinery, the Manufac- 
tures and Liberal Arts, and Mining De- 
partments. 

A collection of motors applied to various 
machine tools and other devices has been 
awarded a gold medal. The are and in- 
candescent lamps and electric cooking ap- 
plications exhibited in the department of 
Manufactures and Liberal Arts are also 
awarded a gold medal. The company ex- 
hibited a special motor designed particu- 
larly for use with an Ingersoll-Temple 
pneumatic rock drill, and this motor, be- 
cause of its peculiar adaptation to the 
bronze 
The company was also awarded 


special service, was awarded a 
medal. 
a silver medal for installation of exhibit. 
New York City Traction 
Inquiry Halted. 

The Public Service Commission’s in- 
vestigation into the affairs of the traction 
companies in New York city, it is said, 
will not be resumed for a few weeks. It 
had been the intention of the commission 
to continue the inquiry right along, but 
as the only line of examination which 
William M. Ivins, special counsel to the 
commission, would have followed would 
have related to traffic conditions in Brook- 
lyn, it was stated that the commission had 
discovered enough with regard to these. 
It is understood that Mr. Ivins and his 
associates do not deem it advisable to 
go on with the inquiry at the present 
time, for the reason that, in view of the 
unsettled state of the financial situation, 
wrongful and harmful impressions might 


follow. 





Some Goodwin & Kintz 
Specialties. 

At a number of the recent electrical 
shows held in New York city and in 
other large centres of population through- 
out the country, one of the most interest- 
ing and progressive of the displays has 
been that of electric portables, newels 
and electroliers. So rapid has been the 
growth in popularity of the electric port- 
able that it has effected almost a renais- 
sance in art-glass The 
adaptability of incandescent lamps of 
every size, from two candle-power to 
thirty-two candle-power, and the _ pos- 
sibility of the application of special re- 
flectors, have made it feasible to procure 
an electric portable to satisfy the most 


production. 





ART- 


Metau Bass, 
Guass SHADE AND APPLIED ORNAMENTS. 


Fie. 1.—ORNATE WITH 


exacting taste with regard to chasteness 
of design, and also to meet the require- 
ments of those who desire something 
ornate. A number of companies have es- 
tablished special departments devoted to 
the designing of electric portables, and 
many exquisite ideas have been evolved. 
Due to the availability of proper re- 
flectors, it is possible to arrange the in- 
candescent lamps in an electric portable 
with an art-glass dome and secure a very 
efficient means of illumination for dining- 
room tables, for reception rooms, and spe- 
cial fixtures, such as piano lamps, read- 
ing lamps and hall lights. Where a clus- 
ter of incandescent lamps is used under 


an art-glass dome, the turn-down feature 
is made use of, and as only just as much 
light is used as may be required to satis- 
fy the immediate needs, a considerable 
saving is effected in current consumption. 





Fic. 2.—METAL Bask, ArT-GLASS SHADE, WITH 
APPLIED ORNAMENTAL DESIGN. 

The accompanying illustrations show a 

few examples of an extensive line of elec- 

tric portables which has been designed by 





Fig. 3.—SimpLE Form or Bask, witH SUNSET 
SHADE. 

the Goodwin & Kintz Company, of 

Winsted, Ct. _The lamp shown in Fig. 

1 has a height to the nozzle of eleven 
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inches, and an extreme height of~seven- 
teen and one-half inches. The finish is in 
applique black, Melos or Naxos green. 
The shade is fourteen inches in diameter, 
and its applied ornamentation matches 
the stand with which it is furnished. The 





Fic. OLIVES AND 


4.—METAL STAND. 
OLIVE LEAVES IN NATURAL TINTS. 


WITH 


lamp in Fig. 2 has a height to the nozzle 
of thirteen and one-half inches, and an 
extreme height of twenty inches. The 
finish is also applique black, Melos or 
Naxos green, and the sunset shade is fif- 
teen and one-half inches in diameter. 

Fig. 3 shows a lamp of a very simple 
design, and which is very popular for 
several classes of service. It has a height 
to the nozzle of fifteen and one-half inches, 
and an extreme height of twenty-two 
inches. It is finished in brushed brass, 
statuary bronze, Naxos or Melos green. 
The art-glass shade is eighteen inches in 
diameter. 

Fig. 4 shows a tree portable with an 
olive design in the art-glass shade. The 
lamp is finished in Naxos green, and has 
a height to the nozzle of twenty inches, 
and an extreme height of twenty-eight 
inches. The olive shade is eighteen inches 
in diameter. The olives are of the proper 
color, and the leaves are shown in the 
natural tint. The metal parts of the port- 
able are made to match the design and 
finish of the stand. Fig. 5 shows a 
similar stand equipped with a cathedral 
shade of a green tint to harmonize with 
the finish of the stand. The dimensions 
are similar to those given for Fig. 4. 

Fig. 6 shows a novel portable with a 
jeweled metal shade twelve by thirteen 
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inches. The applied ornaments~on the 
shade match the stand, and the finish is 
in applique black and applique Naxos 





Fig. 5.—OLIvE TREE STAND, WITH ART- 
: GLASS SHADE. 


or Melos green. The height to the bot- 
tom of the shade is sixteen and one-half 
inches, and the extreme height twenty- 
three and one-half inches. 





Fic. 7.—JEWELED DEN LAmpP. 


Fig. 7 shows a lamp which has been 
especially designed as an electric portable. 
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This is a den lamp, the extremé height 
being seventeen and one-half inches. The 
black or 


finish is applique applique 





Fie. 6.—Simp_Le ForM or STAND, WITH 
JEWELED METAL SHADE. 


Naxos. The den lamp is studded with 
imported jewels in various colors, and, 
when lighted, gives an oriental effect to 
the den, reception hall or studio. 


rs 
>_> 


Plan Big Electric Merger. 


A special meeting of the Consolidated 





Gas, Electric Light and Power Company 
has been called for next week to consider 
taking a lease on the Baltimore Electric 
Company. Negotiations have been under 
way for some time and it is understood 
that an agreement has been reached. 

The Baltimore Electric Light Company 
controls the Maryland Telephone Com- 
pany. If the deal goes through it is said, 
the Bell people will take the Maryland 
company. 

The Baltimore Electric Company has 


$3,750,000 capital stock, of which $2,- 


500,000 is common stock and the re- 


mainder five per cent preferred stock. The 


company has an authorized issue of 
$7,500,000 of five per cent bonds, of which 
about $2,500,000 are outstanding. The 
terms agreed upon provide for the Con- 
solidated company taking the Baltimore 
Electric common stock at ten dollars a 
share and guaranteeing the bonds and the 


dividends on the preferred stock. 
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Speedy Delivery and Erection 
of Allis-Chalmers Steam 
Turbines Wins Substantial 
Bonus for the Builders. 

The illustration shows the steam end 
1,500-kilowatt Allis- 
recently 


of one of the two 


Chalmers steam turbine units 
sold to the Scranton, Pa., plant of the 
American Gas and Electric Company 
whose properties include public service 
states. This turbine 


utilities in many 


won a substantial bonus 
for delivery fully a month in advance of 
the date specified in the contract. 

The two units for the plant each com- 
prise a steam turbine and an alternator 
of 1,500) kilowatts normal capacity at 
1,800 revolutions per minute, three-phase, 
sixty-cycle, 4,000) volts. The conditions 
under which they operate are 150 pounds 
steam pressure at the throttle and twenty- 

In addition to the 
Allis-Chalmers 


chines have been installed in the Canton, 


eight 


Scranton 


inches vacuum. 


turbine, ma- 


for its builders ¢ 
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is provided, the work of erecting is filled 
with difficulty, especially in colder months 
of the year. 

Many power-houses are provided with 
spur railway sidings to within a few feet 
of the turbine foundations, so that the 
haulage of parts is a 
simple matter from the cars into the 
power-house under the crane, by means 
of a steam winch. But there are other 
times, as in the instance shown in the 
reproduced herewith, when 
there are no such railway facilities anc 
where the haul to the power-house as- 


comparatively 


photograph 


sumes greater proportions and materially 
increases the difficulty of deliveries. 
The Central Electric Com- 
pany’s Electric Portables. 
The Central Electric Company, 264- 
270 Fifth avenue, Chicago, IIl., has been 
devoting considerable attention to the 





production of a line of electric fixtures 
and portables, and has, at considerable ex- 











1,500-KinowatT ALLIS-CHALMERS TURBINE FOR SCRANTON (PA.) ELEctTrRIc LigHt PLANT. 


Madison, Wis., 
American Gas and Electric Company, one 


Ohio, and plants of the 
of which, that at Canton, has been op- 
erating continuously for several months. 

Because of the extremely unfavorable 
conditions under which the erection and 
assembling of steam turbines is often car- 
ried on, it is interesting to note the 
methods pursued for successfully. doing 
the work, which involves the moving and 
heavy _ parts, 
that a few vears ago, before the advent 
of the electric crane, it would have been 


assembling of extremely 


well-nigh impossible to handle. 

It is not unusual to find the turbine 
and alternator at the power-house and its 
erection begun before the power-house 
itself, in which the unit will be housed, is 
completed. Without windows, doors, and 
floors, and sometimes even before a roof 


pense, fitted up a handsome show room 


for this class of material. It is surpris- 
ing how little attention has been given 
by electrical supply houses in the West 
to this line of material, while great ef- 
forts have been made to push the sales of 
heating apparatus and other central sta- 
tion supplies. The Central Electric 
Company feels that central station man- 
agers can send their customers to this 
show room and be certain that any choice 


may be met from the wide selection 
which the company has available. A sig- 


nificant indication of the success with 
which this departure will be attended is 
found in the large number of calls which 
the company has from out-of-town vis- 
itors, who have already been sent in by 
central station managers to make selec- 
tions. The demand for electric lamps is 
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large, and is certainly on the increase, 
When customers become familiar with the 
effects which are secured by means of art- 
glass shades, which are, from year to year, 








CENTRAL ELECTRIC PORTABLE WITH ART- 
Gass SHADE. 


becoming more and more elaborate, the 
popularity of the electric fixture is bound 
to increase. The Central Electric Com- 
pany has made especial efforts to com- 
plete a large line of handsome designs for 





CENTRAL ELECTRIC PORTABLE WITH 
CONNECTING CorD. 


the holiday season. A cordial invitation 
is extended to central station managers to 
visit the show room personally or send 
their customers tO make selections. Two 
of the designs which the company has 
ready for the market are shown herewith. 
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Jeffrey Twenty - Five - Ton 
Switching Locomotive. 
The accompanying illustration shows a 
twenty-five-ton switching locomotive built 
by the Jeffrey Manufacturing Company, 
Columbus, Ohio, for use in handling 
freight cars for the Cerveceria Cuauhtenoc 
Brewery, of Monterey, Mexico. This style 
of electric locomotive takes the same equip- 
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simple construction, consisting essentially 
of a double-break knife switch immersed 
in oil. The parts have been reduced to 
the least possible number, and extreme 
compactness has been secured by the use 
of a double-break contact. The movable 
contacts are carried at the bottom of sec- 
tions of threaded hard fibre, and are raised 
and lowered by a simple link and lever 


JEFFREY TWENTY-FIVE-ToN SwitcHINnG LOCOMOTIVE. 


iment as the locomotive built for mining 
installations by the Jeffrey Manufacturing 
Company. The only change is in the side 
and end frames and the addition of a plat- 
orm and suitable cab to accommodate the 
conditions incident to surface work. The 
motors are of waterproof steel-frame con- 
-truction, having drum-wound armatures, 
laminated pole pieces, oil lubrication with 
auxiliary grease boxes, and liberal wearing 
surfaces. These locomotives are built in 
sizes from ten to thirty tons and in larger 
sizes with three and four motors, arranged 
with rigid frame or with double trucks 
having flexible wheel base, depending en- 
tirely on the conditions. 


a> 
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Hartman Automatic Oil 
Switches. 


The Hartman Circuit Breaker Com- 
pany, Mansfield, Ohio, has placed on the 
market a line of type G oil switches in 
both non-automatic and automatic forms. 
The type G oil switch in the non-auto- 
matic form is made for either switchboard 
or wall mounting. It is a switch of 





motion. Barriers of treated wood placed 
between the poles prevent the arcs from 
communicating. 

Fig. 1 shows a three-pole, single-throw 
automatic switch with overload coils con- 
nected in series. The switch can be fur- 
nished either with the overload coils con- 
nected in series with the high-potential 
circuit, or with the coils operated from the 
secondaries of series transformers. When 
overload coils are furnished to be operated 
in series with the main circuit, the 
current-carrying parts of the coil are 
thoroughly insulated from the surround- 
ing metal parts and operating mechanism. 
This insulation is tested out at three times 
the normal voltage of the circuit on which 
the switch is to be installed, and may be 
safely used wherever the normal potential 
does not exceed 2,500 volts. One coil is 
furnished with the double-pole switch and 
two coils with the three and four-pole 
switches. The range of calibration of all 
overload coils is from normal capacity to 
100 per cent above. 

When it is desired to use series trans- 
formers in connection with the overload 
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coil, the standard method is to furnish one 
series transformer for two-pole and two 
transformers for three and _ four-pole 
switches. A single overload coil is used 
in each case. When specified, however, 
two overload coils may be furnished in 
connection with the three and four-pole 
switches. 

A desirable 
switch is that it can be closed while there 


feature of this automatic 





Fig. 1.—THREE-PoLE, SINGLE-THROW 
AUTOMATIC SWITCH. SERIES COILS. 


is an overload on one phase of the circuit. 
The operating lever is made in two parts 
which are normally held together by a 
trigger-shaped catch. Should an overload 
or short-circuit exist when the switch is 
closed, the inner lever will be instantly 
disconnected from the outer or handle 
lever. It is thus impossible for the oper- 





Fie. 2.—Turee-PoLe, DouBLE-THRow SwitcH, 
AUTOMATIC ON ONE SIDE. SERIES COILS. 


ator to close the switch while overload con- 
ditions exist. The switch can be opened 
by hand by pressing the trigger which 
holds the inner and outer levers together. 

The double-throw switch can be fur- 
nished automatic on both sides, which is 
the standard form; or automatic on one 
side and non-automatic on the other. This 
form is shown in Fig. 2. This style of 
switch is frequently furnished for use in 
cornection with induction motors, the 
non-automatic or starting side of the 
switch being connected to the low-voltage 
taps of an autotransformer. 
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DOMESTIC AND EXPORT. 
NEW ELECTRIC ROAD—The secretary of state has issued a 
license to incorporate to the Chicago, Fox Lake & Geneva Railroad 
Company, Chicago, with a capital stock of $2,000,000. The road 


is to be constructed from Chicago, through Leyden, Maine, Elk 


Grove and Palatine, in Cook county; Ela, Cuba, Fremont, Wau- 
conda and Grant, in Lake county; and Nunda, McHenry and Rich- 
mond, in the county of McHenry, to a point on the line dividing 
Illinois and Wisconsin, with branch lines to Fox Lake and Wood- 
stock. The incorporators and first board of directors are: George 
H. Seward, Maurice B. Louis, Harry R. Yaryan, Lewis E. Starr and 
Sidney E. Malette. 


FUNDS FOR CONSTRUCTION OF IDAHO-WASHINGTON 
LINE—To secure funds for the construction and equipment of its 
line from Spirit Lake, where a model town is being built, to New- 
port, thence down the Pend d’Oreille river, in Stevens county, 
Wash., north of Spokane, the Idaho & Washington Northern Rail- 
road Company, promoted by F. A. Blackwell, chairman of the board 
of the Spokane & Inland Empire system, has executed a mortgage 
for $5,000,000 to the Illinois Trust and Savings Company. The 
mortgage is the largest ever recorded in Kootenay county, Idaho, 
and is given to secure a series of bonds issued in denominations of 
$1,000 each, to bear interest at five per cent, payable semi-annually. 
The railroad company reserves the right to redeem any or all of 
the bonds on any semi-annual payment day after 1912, by paying a 
specified bonus. 


TO ELECTRIFY DENVER ROAD—Backed by Eastern interests, 
ihe Intermountain Railway Company has been organized to take 
over the old Denver, Lakewood & Golden car line, or what is now 
known as the Denver & Intermountain Railroad, with the purpose 
of electrifying the road from Barnum to Golden and making a 
number of important improvements. Incorporation papers for the 
concern have been filed, showing a capitalization of $1,000,000. The 
incorporators are Daniel Chase, a capitalist of Willow Lakes, S. 
Dak.; Thomas B. Doan, assistant manager of the Denver Union 
Water Company, and Thomas J. Milner. The directors named are 
these three men, together with H. Chase, of Willow Lakes; Judge 
Caldwell Yeaman and Frank W. Loveland. The concern has pur- 
chased all the rolling stock, ete., of the line from the Denver & 
Intermountain Railway Company. At the present time the Denver 
& Intermountain cars run by electricity only as far as Barnum. 
Irom that point to Golden they are operated by steam. 


TRACTION ORGANIZATION PERFECTED—The Ohio Electric 
Railway Company, the largest operating traction system in the 
world, has been formally organized by the Schoepf interests. This 
company is now building about 100 miles of road, which, when 
completed, will make a total of over 700 miles of interurban trac- 
iion properties under cone head. The organization was formal in 
character, with one exception—the retirement of D. G. Edwards as 
vice-president in charge of traffic. Mr. Edwards remains with the 
Schoepf properties in several important positions, and will act in 
an advisory capacity in the traffic department. He was made 
president of the Lima & Toledo Traction Company, which is build- 
ing the road north into Toledo, and the Indiana, Columbus & 
astern Traction Company. Mr. Schoepf was president of both 
ihese companies, the properties of which are now merged into the 
Ohio Electric Railway Company. The Ohio Electric Railway Com- 
pany was organized as follows: W. Kelsey Schoepf, president; 
Norman McD. Crawford, vice-president; F. A. Healy, secretary- 
treasurer. The directors are Messrs. Schoepf, Crawford, Healy, Ed- 
wards, J. B. Foraker, Jr., and Dana Stevens, of Cincinnati; J. 
Levering Jones, of Philadelphia and Hugh J. McGowan, of Indian- 
apolis. The headquarters of the company remain in Cincinnati. 


MONTREAL STREET RAILWAY—The annual report of the 


Montreal Street Railway Company for the year ended September 
30, 1907, shows that the company failed to earn a full ten per cent, 
the rate paid, on the $7,000,000 outstanding capital stock at the 
beginning of the year, and the $2,000,000 additional issued during 
the year. The amount earned on the $9,000,000 was equal to 9.65 
per cent. The full amount of this stock was not outstanding during 
the year, however, and consequently the income account shows a 
surplus after dividends of $75,741. This surplus would have been 
$55,101 less than it was if it were not that the company credited 
to its income account this amount as being received from the 
Montreal Park & Island Railway Company, a subsidiary. The 
amount paid actually was not earned and its payment increased 
by that much the deficit of the subsidiary. The company in the 
past few years has expended practically its entire surplus earnings 
in dividends. Its profit and loss surplus now amounts only to $600,- 
510. While this amount is larger than the surplus of past years, the 
cost of road and equipment has been carried at a larger amount 
each year. It was in order to obtain necessary funds that the 
company put out the additional new stock during the year, and in 
order to get still more funds, notes to the amount of $1,040,000 
were put out by it in the course of the year. The purpose of the 
latter was to purchase the Montreal Terminal Railway. During 
the last year the company’s earnings were as follows: Gross, 
$3,503,643; expenses, $2,104,653; net, $1,398,990; other income, $55,- 
101; total income, $1,454,091; charges, $585,250; surplus before divi- 
dends, $868,841. The operating ratio for 1907 was 60.07 per cent as 
compared with 59.69 per cent for 1906 and 61.88 per cent for 
1905. The car earnings per passenger, not including transfers, for 
1907 were 3.95 cents against 4 cents for 1906. Including trans- 
fers, the car earnings per passenger were 2.97 cents for 1907, 
against 3.03 cents for 1906. 


WESTERN ELECTRIC STOCKHOLDERS RATIFY PROPOSI- 
TION TO AUTHORIZE $15,000,000 BOND ISSUE—At the special 
meeting of the Western Electric stockholders, held in Chicago, II1.. 
November 5, to vote on a proposition to issue $15,000,000 bonds, 
President Barton made a statement calling attention to the fact 
that the accounts receivable, plus cash and merchandise combined, 
are over three times the amount of bills payable. The inventory 
of finished merchandise work in process and new material October 
1 is estimated at $22,000,000. The rate of production of telephone 
apparatus at factories is still somewhat in excess of orders, al- 
though the number of employés has been’ reduced = 39.9 
per cent. This condition, however, is expected to show 
early improvement. President Barton preferred a stock issue, but 
it was impracticable to put out stock sufficient to make any inroads 
into indebtedness. “The determining question with the board,” 
he said, “was that the larger volume of stockholders are not in a 
position to take their proportion of new stock. The question of 
interest is not paramount. At present rates the company is pay- 
ing, the interest on this $15,000,000 would equal a shade over six 
per cent. Bonds can not be sold in the immediate future except 
below par. Although we may not be able to sell bonds, they will 
be useful as collateral, thus increasing our range of borrowing 
power. Bonds won't be issued except quid pro quo. The proceeds 
will come into the treasury. The company needs the additiona! 
money and should be prepared to get it this way when the financia! 
situation changes. Our collections have been excellent all this year 
and still are excellent. Our customers are not behind ordinary 
normal conditions, but we have about $15,000,000 indebtedness, or 
amount of our capital, and if we took out our cash balance it 
would still be between $11,000,000 and $12,000,000. Our quick 
assets are over three times our indebtedness, but we can’t realize 
on merchandise or receivables all at once.” The surplus is now 
between nineteen and twenty millions. The bonds will mature in 
1922 and are redeemable in 1912 or any semi-annual interest date 
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thereafter at 105 and interest. . The mortgage runs to the Mer- 
chants’ Loan and Trust Company and covers all plants and contents 
except ninety building lots. It provides that part of the property 
may be sold and proceeds placed under mortgage with approval 
of trustee. Bills payable on October 1 were $15,347,000, a decrease 
of $7,534,000; cash $3,733,000, an increase of $2,106,000. Total bills 
payable, less cash, $11,615,000, a decrease of $9,640,000. Accounts 
receivable and undiscounted bills receivable on hand October 1 were 
$12,838,000, a decrease of $7,484,000, compared with December 1 
last year. The Western Electric annual report shows sales for the 
first six months of 1907 equal to $29,614,000, or 1.3 per cent more 
than for the previous year. Sales for four months ending Septem- 
ber 30 were $15,745,000 or 35.1 per cent less than previous year. 
The total number of employés October 1 was 16,183, a decrease of 
39.9 per cent compared with December 1, 1906. 


TELEPHONE AND TELEGRAPH. 
BRENHAM, TEX.—The Southwestern Telephone and Telegraph 
Company will install new equipment in Brenham and make other 
improvements. 


HARTFORD, CT.—At a meeting of the directors of the Southern 
New England Telephone Company, James T. Moran was elected a 
director to fill the vacancy caused by the death of General Samuel 
A. Merwin last winter. 


CHENEY, WASH.—The Cheney telephone exchange has been 
sold by W. T. Du Bois to the people of Cheney. Mr. Du Bois 
bought the exchange a short time ago, and was given a fratichise to 
operate it for a number of years. 


ST. JOE, IDA.—The new long-distance telephone line between 
Spoken and St. Joe, Ida., owned by the Interstate Telephone Com- 
pany, has been opened. The line is 140 miles in length, and built 
with thirty-foot poles and heavy wire. 


NEW BERN, N. C.—The Postal Telegraph Company has com- 
pleted a new line into this section, and opened offices at New 
Bern, Washington, Greenville, Wilson, Vanceboro, Farmville, Middle- 
sex and other towns in eastern Carolina, 


CARTHAGE, MO.—Extensive improvements are being made by 
the Bell Telephone Company, preparatory to the installing of a 
new 2,000-drop, central energy, flash-light switchboard, which will 
more than triple the present capacity of the company. 


KENDRICK, IDA.—E. E. Crandell, of the Interstate Telephone 
Company, has completed arrangements to put in a system at Ken- 
drick. He will raze the old poles and replace them with thirty-five- 
foot poles and put in a metallic-circuit system. Most of the business 
houses and many private houses are equipped with instruments. 


GUTHRIE, OKLA.—A charter has been granted the Oakdale 
Telephone Company to construct a line from Sawn Lake to Binger. 
The directors and officers follow: M. Bradstetor, president; Charles 
C. Kime, secretary; S. T. Otey, W. A. Thompson and Walter Cook, 
all of Binger. 


RIVERSIDE, CAL.—The Sunset Telephone Company has re- 
ceived material ordered some time ago for the conduit system of 
the company in this city and work has been commenced on the 
replacing of the overhead wires in the business district with the 
conduit system. 


WINCHESTER, MASS.—Winchester’s new telephone exchange 
has been put into service. The number of subscribers is about 900. 
The new building is equipped with common battery apparatus, em- 
bodying the latest improvements. About 4,000 subscribers’ stations 
are provided for. 


SOUTH PITTSBURG, TENN.—The East Tennessee Telephone 
Company is planning many changes and improvements for the 
local exchange. A new switchboard will be installed and other im- 
provements, calculated to make the exchange more efficient and up 
to date, will be made. Extensions will be made to several suburban 
lines and a number of new lines will be run to Depford. 


LINCOLN, NEB.—In line with what has been done elsewhere 
toward reducing telephone rates, the Nebraska Telephone Company 
has applied to the state railway commission for and received a 
permit empowering it to lower its scale of charges at Red Cloud. 
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Where $36 to $42 per year has been collected for business tele- 
phones, the rates hereafter will be $24 to $30. The schedule for 
residences is changed from $27 and $30 to $15 and $18. 


PEORIA, [LL.—The Inter-State telephone lines between Peoria 
and Canton are now in operation. This service will vastly enlarge 
the facilities of the Inter-State, opening up to it practically all of 
Fulton county, including Canton, Farmington, Brereton, Norris and 
St. David, all flourishing coal mining towns in which a great deal 
of Peoria capital is invested. Heretofore the Central Union com- 
»pany has had exclusive service in this direction. 


MARQUETTE, MICH.—A mortgage which provides for the issu- 
ance of $25,000 worth of bonds has been filed in the office of the 
county recorder, from the Marquette County Telephone Company 
to the Miners’ National Bank at Ishpeming, which is to act as 
trustee. The bonds are for the purpose of extending the telephone 
system. Of the $25,000 issue, $22,500 is to be issued in forty-five 
bonds, each of a par value of $500. The remaining $2,500 is 
divided into twenty-five bonds of a par value of $100 each. The 
bonds are first mortgage bonds, paying six per cent interest, payable 
semi-annually and continue in force for ten years. They are to 
be dated October 1, 1907. Recently the company installed a new 
switchboard at Marquette. A similar improvement is to be made 
at Ishpeming. A new switchboard is also to be installed at Ne- 
gaunee, but this work will not begin until next spring. 


WHEELING, W. VA.—John A. Howard, president of the Na- 
tional Telephone Company, has secured possession of the holdings 
of C. B. Graham and C. J. Heinlein, of the Belmont Telephone 
Company. The Belmont company was organized by C. J. Heinlein 
and others, about the time the National was projected. From its 
inception the company has been prosperous and paying, although no 
dividends have been declared, all the earnings going into extension 
of lines and betterments. The original capitalization was $140,000, 
but the property is conservatively valued at $300,000. While the 
National and the Belmont have worked amicably upon an inter- 
change system, the actual control of the latter by the former 
strengthens the position of the National in the area embraced within 
a forty-mile radius of Wheeling, giving it communication as far 
west as Barnesville, and from Parkersburg on the south, to Pitts- 
burg and East Liverpool on the north. The National also controls 
lines covering Greene and Washington counties, Pa. At a_ stock- 
holder’s meeting of the Belmont, President Heinlein and the pres- 
ent board of directors resigned and a new one, with John A Howard 
as president was elected. 

NEW INCORPORATIONS. 

FLORIDA, N. Y.—Florida Telephone Company. $5,000. Direct- 
ors: G. S. Vail, F. E. Tether and J. K. Roe, of Florida. 

OLYMPIA, WASH.—Kent Independent Telephone and Telegraph 
Company, of Kent. $20,000. Incorporators: <A. T. West, J. Howard 
Snively, C. E. West. 

TRENTON, N. J.—The Hopatcong Light and Power Company. 
$50,000. Incorporators: Charles F. Schmitt, H. K. Salmon, O. F. G. 
Megie and L. R. Brown. To erect a power plant near Landing 
for supplying electricity to the country about Lake Hopattong. 


ALBANY, N. Y.—Chateaugay Power and Manufacturing Com- 
pany. To furnish light, heat and power in numerous Franklin 
and Clinton county towns from water power to be developed from 
the Chateaugay river. $100,000. Directors: Peter B. McCaghey, 
of Little Falls; A. H. McCann and Frank A. Fielding, of Glens Falls. 


GREELEY, COLO.—The Interurban Construction Company, of 
Denver. $150,000. To engage in a general contracting and electric 
raiiway business, building railways, telephone and telegraph lines, 
factories, ete., in Arapahoe, Jefferson, Boulder, Adams, Weld, Lari- 
mer and Morgan counties. Directors: Henry S. Dickinson, Eben 
Reaser and George Van Law. 


JACKSON, ALA.—Jackson Light and Power Company. $16,000. 
To build an electric road to Grove Hill, the county seat, sixteen 
miles distant, and a water and light system in Jackson. Stock- 
holders: C. H. Warren, C. E. Mathis, W. F. Monk, S. A. Adams, 
L. E. McLeod, J. C. Rivers, Dr. Cobb Nichols, G. G. Warren, S. H. 
Andrews, Dr. L. C. Hicks, B. F. Stanley and J. C. Stewart & Com- 
pany. 








ELECTRIC LIGHTING. 
STEVENSVILLE, MONT.—A lighting franchise has _ been 
granted to H. C. Hodge. 


BUFFALO, N. Y.—The village of Panama, Chatauqua county, is 
to have an electric lighting system. 

SOUTH PITTSBURG, TENN.—The municipal electric lighting 
plant, which has only been in operation about a year, has proved a 
failure and is now on the market. 


HAYWARD, WIS.—The newly completed dam across the river 
here, will furnish electricity for the interurban roads and for light- 
ing the city. It is 180 feet long and eighty feet wide. 


SAN LUIS OBISPO, CAL.—The San Luis Obispo Gas and Elec- 
tric Company's electric power plant was destroyed by fire recently. 
The fire started from an explosion of oil under the boiler. 


DECORAH, TOWA—The Decorah Electric Light Company has in 
view the construction, of a line from Decorah to supply Waukon 
with electric light until the proposed power dam project is carried 
out. 

NIAGARA FALLS, N. Y.—At a meeting of the common council 
Alderman Cornell offered a resolution which was adopted, spreading 
upon the minutes the acceptance by the Niagara Falls Lighting 
Company of the franchise recently granted. <A surety bond of 
$10,000 has been filed by the company with the city clerk. 


GLOUCESTER CITY, PA.—At a meeting of the city council’s 
street committee and representatives of the Public Service Corpora- 
tion, in relation to cheaper rates for eiectric lights next year, the 
annual rate for the next five-year contract was fixed at $85 per lamp, 
a reduction of $10 a lamp, or a saving of about $7,000 on the 
contract. 


YORKTOWN, N. Y.—The municipal authorities of Yorktown 
have granted to the Northern Westchester Lighting Company a 
franchise for both gas and electricity, covering the town of York- 
town. The Northern Westchester Lighting Company is one of the 
subsidiary operating companies controlled by the Northern West- 
chester Securities Company. 

TEKAMAH, NEB.—The city council has awarded the contract 
for the new electric light plant to Mr. Bartenlanger, of Omaha, for 
$12,000, the city to erect its own power-house. The plant will be 
equipped with a 125-horse-power engine, two seventy-horse-power 
boilers and a seventy-five-kilowatt dynamo. The plant will be com- 
bined with the city water plant. 


NASHVILLE, TENN.—In a regular municipal election the Nash- 
ville public voted down municipal ownership of its electric lighting 
system. The measure was designed to not only substitute the 
service of a municipal plant, for which $400,000 of bonds were to 
be issued, for that of the Nashville Railway and Light Company, 
but to establish competition in commercial lighting. 


LITCHFIELD, CT.—At a borough meeting a vote was passed 
authorizing and directing the board of burgesses to execute a con- 
tract with the Litchfield Electric Light and Power Company and the 
Litchfield Gaslight Company to light the streets of the borough in 
accord with the vote passed at the borough meeting September 23. 
It was also voted to appropriate such additional sum as would be 
necessary to carry out the terms of the contract. 


RED BLUFF, CAL.—The Northern California Power Company 
has completed the purchase of 2,700 acres of land near Manton, 
known as the Hazen place. The company expects to add this as 
another unit to its generating system. The plant will be finished 
about the first of next July and will have a capacity of about 
5,000 horse-power. The construction of the new plant will mean 
the digging of a ditch six miles long and of sufficient capacity to 
carry 6,000 inches of water to be delivered under a 500-foot head. 
The plant is to be located at a point on Butte Creek about five miles 
south of Volta. 


HOLYOKE, MASS.—At the annual meeting of the stockholders 
of the Holyoke Water Power Company, the reports showed the 
company to be in a highly prosperous condition. The stockholders 
elected R. C. Winchester, of this city, treasurer; James M. Sickman, 
clerk, and the following directors: Charles E. Gross, of Hartford, 
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Ct.; Charles M. Beech, James J. Goodwin, Francis Goodwin, T. W. 
C. Skilton, Frederick Harris, of Springfield; A. Willard Damon, of 
Springfield; L. L. Wilcutt, of Boston, and President L. Clark Seelye, 
of Smith College, Northampton. At the subsequent meeting of the 
directors, Charles E. Gross, of Hartford, Ct., was elected president. 
In each instance the choice is a reelection. 


ALBANY, N. Y.—The Public Service Commission, Second Dis- 
trict, has authorized the Newport Electric Light and Power Com- 
pany to construct lines in the town of Newport and in the village 
of Poland, Herkimer county, and to issue a mortgage to secure the 
payment of thirty-year bonds amounting to $75,000, the proceeds 
to be used for retiring $15,000 of bonds outstanding and the balance 
for construction and equipment. The commission has given per- 
mission to the Dutchess Light, Heat and Power Company, of Rhine- 
beck, N. Y., to construct extensions of its lines in the towns of 
Red Hook and Hyde Park, Dutchess county, and authority to issue 
$20,000 capital stock, to be devoted to the acquisition of land and 
the extension of its plant. 


OROVILLE, CAL.—The Oro Light and Power Company has a 
crew of men working in Humbug Valley digging a ditch to take 
water from Yellow creek, about eight miles from where that stream 
enters Feather river, and the old Lott ditch, used at one time 
for mining purposes, is being widened to carry the water. The 
ditch will be about six feet wide on the bottom, ten feet across the 
top, and about three feet deep, sufficient to carry 5,000 miners’ 
inches. A fall of 1,850 feet will be secured. .Operations were com- 
menced during July last, but it will probably be two years before 
the plant is constructed. The Oro Water, Light and Power Company 
has a small plant in operation near Pentz at present and supplies 
light and power for Oroville, and a number of the dredgers operat- 
ing in the Oroville district. 


CADILLAC, MICH.—The engineers of the Electric Land and De- 
velopment Company are engaged in surveying for railway spurs to 
the site of the first dam. The company has thus far expended 
about $80,000 for land along the Manistee river, inclusive of the 
cost of surveying. Chief Engineer Hubbell states that it will require 
fourteen months to build this dam, one of five to be built by his 
company, with three crews of men each working eight hours a day. 
The company owns land along the river for twenty-six miles and 
the fall of the river in that distance is 126 feet. The total fall 
from Sharon to Manistee is 350 feet. The construction of the first 
dam is associated with the project for constructing an interurban 
road from Traverse City to Charlevoix. The proposed electric line 
is to be built by the Carter Construction Company, which has 
already placed an order for 10,000 steel rails, 


ASHURNHAM, MASS.—At a special town meeting called to act 
on the electric light question it was voted that the town acquire 
an electric lighting system. It was also voted to authorize the 
board of selectmen to purchase for $5,000 for the town from Andrew 
Whitney and Henry Allison all the appliances connected with the 
electric light distribution system, formerly owned by the Greene 
Electric Light and Power Company. No municipal light board was 
elected and the entire matter of reconstructing the old system and 
entering into a contract for a term of years with the Gardner 
Electric Light Company to supply electric current to the town of 
Ashburnham and to operate the system when established was left 
with the selectmen. The sum of $10,000 was appropriated for the 
purchase and reconstructing of the lines and the treasurer was au- 
thorized to issue notes of the town to borrow the same. 


OBITUARY NOTE. 


MR. D. L. BENSON, for a number of years past on the con- 
struction and operating staff of H. M. Byllesby & Company, Chicago, 
Ill., died at the Lake Geneva Sanitarium, Lake Geneva, Wis., after 
a lingering illness, on Monday evening, November 4, at the age of 
forty years. Mr. Benson was well known in the electric light, 
street railway and gas fields of the Middle West. He had been 
prominently connected with the construction of public utility plants 
at Shelby, Ohio; Muskogee, Indian Territory; Oklahoma City, Okla- 
homa; Ottumwa, Iowa, and other points. He was a man of marked 
executive capacity, and stood deservedly high in his chosen field. 
He is survived by a widow and a daughter. 
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PERSONAL MENTION. 


MR. H. H. BRATT has been made general manager of the 
Union Electric Telephone Company, Rock Island, Ill. 


MR. H. E. DAVIDSON, superintendent of transportation between 
Decatur and Peoria, Ill., on the Illinois Traction System, has re- 
signed. His successor is James Monnell, of Staunton. Mr. Monnell 
had acted as assistant superintendent under Mr. Davidson for sev- 
eral weeks, in expectation of the change. 

MR. H. L. HIBBARD, electrical expert to the Bureau of Con- 
struction and Repair, United States Navy Department, has resigned 
that position to enter the employ of the Cutler-Hammer Manufactur- 
ing’Company, of Milwaukee, Wis., makers of electric controlling 
devices. Mr. Hibbard’s experience in navy yard and shipboard 
work extends over a period of eight years, four of which were 
spent in the office of the superintending naval constructor at New- 
port News, in supervising installations of electrical apparatus on 
ships built and equipped at that yard. More recently Mr. Hibbard 
has been stationed at Washington, where as electrical expert to 
the Bureau of Construction and Repair, he has had supervision of 
all electrical work coming under the cognizance of that bureau. 
In his new position with the Cutler-Hammer Manufacturing Com- 
pany his thorough knowledge of Navy Department requirements 
and methods will undoubtedly be of great value in the further 
extension of that company’s line of electric controlling panels for 
navy yard and shipboard use. 

MR. W. EDGAR REED, elec- 
trical engineer, formerly with the 
Westinghouse interests, for some 
time in Paris, and for a consider- 
able time at East Pittsburg, has 
opened an office for general con- 
sulting work in the Machesney 
Building, Pittsburg, Pa Mr. Reed 
entered the employ of the Westing- 
house Electric and Manufacturing 
Company in 1891 as an engineer- 
ing apprentice. Upon finishing his 
apprenticeship course in the West- 
inghouse works he took a course in 
the Massachusetts’ Institute of 
Technology, from which he was 
graduated in 1897. Later he took 
a post-graduate course in Paris at 
the laboratory of the late Professor Henri Moissan, the well-known 
chemist and metallurgist. Following this Mr. Reed became con- 
nected with the French Westinghouse Company at Havre, France, 
filling the position of chief designing engineer of that company 
from 1898 to 1903. In 1903 Mr. Reed came to Pittsburg, filling 
the position of designing engineer for the French and American 
Westinghouse companies, which position he has filled up to this time. 
He has had long experience in designing both continuous and alter- 
nating-current machinery, and has had direct charge of induction 
motor designing for several years. He has also had much experience 
in the practical application of direct and alternating-current motors 
and generators, and is thoroughly familiar with their characteristics 
and applications. Mr. Reed is a member of the American Institute 
of Electrical Engineers, and also of the Engineers’ Society of West- 
ern Pennsylvania. 





MR. W. EDGAR REED. 


ELECTRICAL SECURITIES. 


While speculation in securities last week was quiet indeed, there 
was considerable straight investment buying, and although this was 
in odd lots, the aggregate reached a large amount. The favorable 
tone of the market is shown in the net advances which were made in 
a good many of the leading industrials. It is expected, however. 
that there will be considerable liquidation, owing to the embarrassed 
condition of institutions and operators who have been carried by 
stronger interests up to this point. When this support is withdrawn 
it is possible that a little further liquidation will take place, and 
this will probably be the end of the selling movement. One of the 
main influences in the general improvement which has come about 
in the market and banking situation was the importation of about 
$51,000,000 in a period of fifteen days. It is confidently stated in 
leading quarters that the crisis which threatened for several weeks 
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is practically over, and that better conditions generally will prevail, 
although, with the restricted amount of currency which will be 
available, a general retrenchment in business is necessary and will 
continue until more nearly normal conditions are established. In 
some well-informed sections it is believed, however, that so great 
is the possibility of retrenchment upon the part of this wonderfully 
prosperous country that it will not be long before money is a drug 
on the market. In other words, it is expected that the period of 
depression will be much shorter than ever before, and while it will 
make terrific inroads into the rescurces of the wealthy, it will not 
so disastrously affect the middle classes. It is expected that the 
bank runs which have prevailed in New York city, directed par- 
ticularly against the Trust Company of America and the Lincoln 
Trust Company, have ended, with the determination of several 
banking and financial interests to stand behind the affected insti- 
tutions and assist them in paying off their depositors. 

Dividends have been declared upon the following electrical se- 
curities: American Telegraph and Cable Company; regular quar- 
terly dividend of 114 per cent, payable December 2. Washington 
Railway and Electric Company; regular semi-annual dividend of 
214 per cent on the preferred stock, payable December 1. Connec- 
ticut Railway and Light Company stock; $1 per share on the cumula- 
tive preferred, or at the rate of 4 per cent a year; $1 per share on 
the assenting common stock, and fifteen cents per share on the 
non-assenting common, payable November 15. Georgia Railway and 
Electric Company; quarterly dividend of 1144 per cent on the com- 
mon stock, payable November 20. Pittsburg & Butler Telephone 
Company, a subsidiary of the Pittsburg & Allegheny Telephone Com- 
pany; a dividend of 16. per cent from the past year’s earnings. 
Earnings for the year equal 22 per cent on the capital stock. 

ELECTRICAL SECURITIES FOR THE WEEK ~ ENDING NOVEMBER 9. 


New York: Closing 
Allis-Chalmers common... ........2266.22%. dl. 
Allis-Chalmers preferred................... 1414 
Brooklyn Napid Transit. «2.2.5 .06i.cccr es 321, 
PbO CG LCA Rat 2), © age ee ee ee ee 93 
COMGRAL (PeeOORI Os = 6 6 os 3 eo eee wale es ‘ 113°} 
Interborough-Metropolitan common......... 514 
Interborough-Metropolitan preferred........ 17 
Himes County Qieetrig. ..<. << os becscns css des 85 
Mackay Companies (Postai Telegraph and 

Canis) <COMmMNOlis. 65k ce hac decease was 41) 
Mackay Companies (Postal Telegraph and 

CHDIGH)" TINGIOSNGR. 3 2. << os os cc mmnces aa 5214 
Miantinttanm- Bilevated oo. < .ccccck cccaeesn cee 10714 
Metropolitan Street Railway................ 29 
New York & New Jersey Telephone.......... 92 
WOStGEIE> (UO oo se tsccode nieoneneas 64 
Westinghouse Manufacturing Company...... 49 


General Electric sales billed in October were in excess of $7.000,- 
000, against something less than $6,000,000 in October, 1906. 


Boston: Closing. 
American Telephone and Telegraph......... — 
Edison Electric RINGS Sw... 5. 2s enews 195 
Massachusetts BPilectric:. .. . 2.06... cc cece 38 
New England Telephone......... er eer 9714 
Western Telephone and Telegraph preferred. 53 


The report of the Massachusetts Electric Companies for the quar- 
ter ended September 30 follows: earnings, $2,595,587: expenses, $1.- 
314,438; net, $1,281,149: charges and taxes, $406,680; balance, $874.- 
469. For the fiscal year the figures are: earnings, $7,761,963; ex- 
penses, $5,003,204: net, $2.757.859; charges and taxes, $1,702,623: 
balance, $1,055,236. 


Philadelphia: Closing. 
Electric Company of America.............. 8 
Electric Storage Battery common......... ~ ol 
Electric Storage Battery preferred.......... 31 
Philadelphia Electric................ Me ce 7 
Philadelphia Rapid Transit................. 1534 
United Gas Improvement... ..... <6 ..c<scce 72 


Philadelphia Rapid Transit gross earnings in October increased 
$67,000 over October, 1996. November earnings show good in- 
creases over last year. The company, while not outlining any plan 
of retrenchment, has left to the executive officers the duty of de- 
creasing expenses as far as possible. This will include cutting down 
construction work and various other improvements. 


Chicago: Closing. 
Ceti ROMIPNGEO se. 6 oo. oes es nea kee cues 108 
Commonwealth-Edison ..................2.:. 77 
Metropolitan Elevated preferred............ 49 
National Carbon common.................- 50 
National Carbon preferred... .......0.2.ec«s 100 


The Chicago Telephone Company gained 3.016 subscribers in 
October. The gain since January is 28,098. 
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ELECTRIC RAILWAYS. 


TRINIDAD, COL.—Grading has begun on the Stonewall Valley 
electric railroad, which is to run from this place to Stonewall 
mountain. The first grading work is being done at Sopris plaza 
and will be completed as far as Cokedale this year. 


LOCKPORT, N. Y.—President Thomas McGrath of the Board of 
Trade is endeavoring to induce the backers of the proposed Buffalo, 
Rochester & Eastern Railroad to construct a spur of the line into 
Lockport for the benefit of the shipping interests here. 


LIMA, OHIO—Poles are being placed and wire will be strung 
for the Lima & Toledo electric road north between Leipsic and 
Deshler. Service will be inaugurated north as far as Milton, 
twenty-seven miles south of Toledo, by December 1. Service into 
Toledo will not be attempted until spring. 


THERMOPOLIS, WYO.—Thermopolis is to have an electric 
street-car line, which will be extended to nearby towns and mining 
camps. §S. A. Broadwell, of Omaha, has secured a franchise and is 
to start work within ninety days. The line will be built from the 
city to the hot springs, state and private sanitariums first. 


CENTRALIA, WASH.—The Centralia-Chehalis Electric and 
Power Company has succeeded in getting a franchise from the 
Chehalis council. Some time ago it received a franchise from the 
Centralia council. This company has started work on the electric 
line between the two cities, Cars will be running within a year. 


ROCHESTER, N. Y.—The Buffalo, Rochester & Pittsburg Rail- 
way Company has let the contract for construction work between 
Brockwayville and Carmen, Pa., to Thomas A. Shoemaker, of Belle- 
fonte, Pa. The cost of the work undertaken will be $900,000. 
Several bridges are to be constructed and a 1,200-foot tunnel will be 
bored. 


RICHMOND, STATEN ISLAND—Maps and plans have been filed 
with the commissioner of public works for the proposed trolley line 
between Tottenville and Richmond, S. I., which is to be constructed 
by the Tottenville & Richmond Electric Railroad Company. The 
line will be ten miles long, with a single track and numerous 
switches. The cost is estimated at $400,000. 


ALBANY, N. Y.—The United Traction Company has elected two 
new officials: W. H. Williams as second vice-president, and W. H. 
Davies as comptroller. The positions are newly created. Mr. Wil- 
liams is third vice-president of the Delaware & Hudson Company 
in charge of the financial and accounting departments, and Mr. 
Davies is the acting comptroller of the Delaware & Hudson Com- 
pany. 

PORTLAND, ORE.—A scenic trolley line along the crest of the 
range of hills to the northwest of the city will be built by the 
United Railways. Climbing the hills by grades already ascertained 
by surveys, the projected line will connect with the United Rail- 
ways at Pettygrove street and will wind around the hills and end 
at Mount Cavalry Cemetery. At many points it will be 1,000 feet 
above the city. 

BIRMINGHAM, ALA.—The Ensley Street Railway Company has 
been chartered with a capital of $25,000. Among the charter mem- 
bers are J. J. Walker, J. D. Matlock, H. S. Meade and B. R. Pegram, 
who are among the most prominent business men of Ensley: These 
gentlemen have obtained valuable franchises at Ensley and propose 
to build and operate an electric car line independent of the Bir- 
mingham Railway, Light and Power Company. 

ASHLAND, WIS.—A. E. Appleyard, of Boston, has purchased 
1.005 shares, a majority of the stock of the Ashland Power and 
Street Railway Company from Henry S. Balch, of Minneapolis. 
Thomas Bardon, George F. Merrill and other local capitalists own 
the remaining stock. Mr. Appleyard as the head of the Chippewa 
Valley Construction Company, built the trolley line between Chip- 
pewa Falls and Eau Claire and is now at work on plans to build 
interurban lines from Ashland. 





ST. JOSEPH; MO.—Articles of incorporation have been filed 
by the Missouri Valley Traction Company, organized to build the 
St. Joseph-Excelsior Springs-Mirabile interurban line. The incor- 
porators are G. C. Kidd, A. M. Bates, W. A. J. Bell, G. M. Morris, 
J. L. Frost, J. R. Sprague, H. G. Krake, John I. McDonald and T. B. 
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Campbell. The company has sufficient funds with which to prose- 
cute the preliminary work of making surveys, securing franchises 
and rights of way. This work will be carried on with as little 
delay as possible. 


WILMINGTON, N. C.—The formal transfer of the affairs of the 
Consolidated Railways, Light and Power Company to the Tide- 
water Power Company, of Wilmington, this being through a ninety- 
nine-year lease of the properties of the first-named to the latter 
corporation has been effected. This step had been in contempla- 
tion for some time for the purpose of more adequately financing 
the traction lines of the Consolidated company, and at a recent 
meeting of the board of aldermen, the formal transfer of the fran- 
chises and rights of the former company was made. 


GREENFIELD, MASS.—At the annual meeting of the Connecti- 
cut Valley Street Railway Company officers were elected as follows: 
President, Col. F. E. Pierce, of Greenfield; secretary and treasurer, 
D. P. Abercrombie, Jr., of Turners Falls; superintendent, J. A. 
Taggart, of Millers Falls; assistant superintendent and engineer, 
C. W. Clapp, of Northampton; directors. E. C. Crosby, of Brattle- 
boro, Vt., (chairman); George C. Averill, of Brattleboro, Vt., D. P. 
Abercrombie, Sr., of Turners Falls; W. A. Clark, of Northampton; 
B, E. Cook, of Northampton; M. A. Coolidge, of Fitchburg; C. W. 
Clapp, of Northampton; Warren N. King, or Northampton; F. E. 
Pierce, of Greenfield; Isaac Chenery, of Montague; J. A. Taggart, of 
Millers Falls; H. L. Williams, of Northampton; D. P. Abercrombie, 
Jr., of Turners Falls. 


RIDGEFIELD, CT.—The Mt. Vernon & Eastern Railroad Com- 
pany, incorporated under the laws of New York, with a capital 
stock of $1,000,000, is preparing to construct an electric railway 
from Mt. Vernon, N. Y., to Lewisboro, a village on the outskirts of 
Ridgefield. The proposed road is thirty-five miles long, and its pro- 
jectors say that it will be of standard gauge and equipped to handle 
general business. The route opens up a country that is now 
isolated from trolley accommodations. The directors of the com- 
pany include Oakleigh Thorne, William H. Cheesebrough, Carleton 
Bunce, Howard K. Wood and Charles E. Mitchell, all of New York 
city; Marsden J. Perry, of Providence; George H. Hanel, of Cran- 
ford, N. J.; Kennett K. McLaren, of Jersey City; and Allen Ward- 
well, of Lawrence, N. Y. 


NEW MANUFACTURING COMPANIES. 


HARRISBURG, PA.—The Harrisburg Electrical Suppiy Com- 
pany, of Harrisburg, has been incorporated with a capital of $55,000. 


DOVER, DEL.—Articles of incorporation have been filed for the 
Cassale Railway Signal Company, of Scranton, Pa., which will sell 
and deal in electrically operated railway signals. The capital stock 
is $100,000. 


HARTFORD, CT.—The Gibson Manufacturing Company, of Dan- 
bury, is the name of a new enterprise which will manufacture tele- 
phone appliances and electrical goods. The head of the concern 
will be William Gibson, recently superintendent of the Rogers Tele- 
phone and Electrical Company. The capital stock of the company 
is $5,000. 


NASHVILLE, TENN.—The Rock City Electric Company has 
been incorporated with a capital of $10,000, all subscribed, and will 
begin business at once. The concern will handle electrical supplies 
and appliances, and in addition will do a general contracting 
business. The incorporators include John A. Bell, Louis Leftwich, 
Hamilton Parks, W. L. Talley and M. A. Montgomery. 


SALT LAKE CITY, UTAH—With a capital of $1,000,000 and 
shares of $1 each, the Keefe Consolidated Railway Time-Saving Com- 
pany has filed articles of incorporation with the county clerk. The 
company takes over the business of the Railway Time-Saving Asso- 
ciation, and agrees to pay all the liabilities of this company. The 
corporation is organized for the purpose of manufacturing railway 
time-saving devices and appliances of all kinds, and will have its 
principal place of business in this city. Of the capital stock 300,000 
shares have been reserved for treasury purposes. The officers are 
Aaron Levitt, president; Louis B. Levitt, vice-president; Frank 
Knox, treasurer and Walker T. Gunter, secretary. 
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November 16, 1907 


INDUSTRIAL ITEMS. 
THE ROYAL LAMP COMPANY, 126 Sixth avenue, New York 
city, has some new literature devoted to its flaming arc lamp. 


THE NORTON COMPANY, Worcester, Mass., has published an 
attractive booklet devoted to the invention and use of “Alundum.” 


THE CENTURY ELECTRIC COMPANY, St. Louis, Mo., has a 
new catalogue devoted to its single-phase, self-starting, alternating- 
current motors. 


THE ELECTRIC MACHINERY COMPANY, Minneapolis, Minn., 
in bulletins Nos. 77 and 84, describes and illustrates, respeciively, 
spherical type direct-current motors and generators, and revolving- 
field, alternating-current generators. 


THE GENERAL STORAGE BATTERY COMPANY, 42 Broad- 
way, New York city, will be pleased to send bulletin No. 8, devoted 
to a description of the floating battery installed in the works of the 
Cambria Steel Company at Johnstown, Pa. 


THE DEAN ELECTRIC COMPANY, Elyria, Ohio, is distribut- 
ing a booklet entitled ‘““‘An Independent Telephone Plant.” This 
booklet is devoted to the personnel and product of the Dean Elec- 
tric Company. Copies will be mailed to any one interested upon 
request. 


THE FORT WAYNE ELECTRIC WORKS, Fort Wayne, Ind., 
has ready for distribution bulletins Nos. 1,097, 1,099 and 1,101, 
describing and illustrating, respectively, type C enclosed, direct- 
current multiple-arc lamps, and multiple system of street are 
lighting. 


THE STANDARD UNDERGROUND CABLE COMPANY, Pitts- 
burg, Pa., it is announced, is nearing completion on its new works 
at Perth Amboy, N. J. It is understooé that the contractors will 
soon be in the market for electric elevators and other appliances to 
complete the electrical installation of the building. 


THE JEFFREY MANUFACTURING COMPANY, Columbus, 
Ohio. has recently published catalogue D, illustrating coal and ash- 
handling machinery for power plants. This catalogue will be found 
of really practical interest to consulting engineers and every one 
interested in power plant design and construction. 


THE CENTRAL ELECTRIC COMPANY, Chicago, Ill. is dis- 
tributing a number of attractive circulars calling attention to vari- 
ous types of “Columbia” incandescent lamps. The company re- 
ports a greatly increased business on these lamps, and will be 
pleased to quote full information and prices upon request. 


THE NERNST LAMP COMPANY, Pittsburg, Pa., has published 
handsome fixture catalogue showing a great many very attractive 
designs of Nernst lamps for general illumination. Several of the 
special art colored bowls are shown in colors, enhancing the at- 
iractiveness and value of the catalogue. This catalogue should be 
in the hands of every one interested in electrical illumination. 


THE CHASE-SHAWMUT COMPANY, Newburyport, Mass., has 
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ready for distribution catalogue and price list No. 101, devoted to 
“Cushing” stage-lighting specialties. This catalogue and price list 
is a continuation of the series which the Chase-Shawmut Company 
has been publishing quite recently. No. 100 was devoted to National 
Electric Code fuses, cutouts and fittings, railway cutout boxes, 
pocket test lamps, ete. 


THE ARTHUR JONES COMPANY, Old Colony Building, Chi- 
cago, Ill., announces that owing to the steadily increasing demand 
for high-grade motors, and for the purpose of better serving its 
customers, it has consummated arrangements for the manufacture 
of motors under its own name. For this reason the company has 
discontinued the agency agreement for the sale of Watson motors. 
The company announces that it will carry the largest stock of 
motors in the United States and will be able to fill orders very 
promptly. 


THE ANDERSON FORGE AND MACHINE COMPANY, Detroit, 
Mich., will be pleased to send copies of its new catalogue devoted to 
drop forgings, steam hammer forgings, finished crank shafts, auto- 
mobile tools and cold chisels. The company is using considerable 
vanadium steel in making various kinds of forgings, and finds that 
there is a great deal of interest manifested in this material by its 
customers. Vanadium steel is making a fine showing under con- 
stant vibration, and is of particular interest to manufacturers of 
engines, automobiles and other machinery subject to repeated strains 
of this nature. 


THE WIRE AND TELEPHONE COMPANY OF AMERICA, 
Rome, N. Y., has recently purchased the entire equipment and 
stock of the Reed Electric Cordage Company, of Syracuse, N. Y. 
This additional equipment gives the Wire and Telephone Company 
a manufacturing capacity that will enable it to take care of its 
rapidly growing business, not only for bare copper wire, magnet 
wire and rubber-covered wire, but all grades of weather-proof, office, 
fixture and annunciator wire. The well-established trade-mark, 
“Romeoid,” has been a guarantee of the highest quality, and has 
given this company an excellent standing in the trade. 


DATES AHEAD. 


Jamestown Tercentennial Exposition. Norfolk, Va., April 26 to 
November 30. 

American Association for the Advancement of Science. Chicago, 
Ill., December. 

American Society of Mechanical Engineers. Annual meeting, 
New York city, December 3-6. 

South Dakota Independent Telephone Association. Mitchell, 
S. D., January 8-9, 1908. 

Chicago Electrical Show. Coliseum, Chicago, January 13-25, 1908 

International Independent Telephone Association. Annual meet- 
ing, Chicago, Ill., January 21, 22 and 23, 1908. 

Nebraska Independent Telephone Association. Next meeting, 
Omaha, Neb., January, 1908. 


Record of Electrical Patents. 





Week of November 5. 


869,873. INSULATOR. Duncan M. Bass, Fackler, Ala. A slit 
bracket insulator. 

869,914. .ELECTRIC-ARC LAMP. George M. Lane, Lanoka, N. J. 
assignor of one-third to Orian F. Lane and one-third to Daniel 
S. Holmes, Forked River, N. J. The movable electrode is sup- 
ported on a plate. 

$69,943. ALTERNATING-CURRENT MOTOR-CONTROLLER. Au- 
gust Sundh, Yonkers, N. Y., assignor to Otis Elevator Company, 
Jersey City, N. J. A magnetie switch controller. 

869,955. SWITCH FOR TROLLEY WIRES. Frank M. Zimmerman, 
Aurora, Ill. A movable-blade switch. 

869,970. RAILWAY SIGNAL AND SAFETY APPLIANCE. Charles 
J. Kintner, New York, N. Y. An automatic motor operated 
signal. 

$69,973. 'TELEPHONE-SUPPORTING APPARATUS. William B. 
Lehmkuhl, Cambridge, Mass. A pivoted support. 


870,012. ELECTROMAGNETIC PRESS. John P. Buckley, New 
York, N. Y. The platens are moved by an electromagnet. 

$70,015. STORAGE BATTERY. Joseph C. Cook and Edward Sokal, 
Buffalo, N. Y.; said Sokal assignor to said Cook. A combined 
Faure and Planté plate. 

870,029. SYSTEM OF MOTOR CONTROL. Jay H. Hall, Cleveland, 
Ohio, assignor to Electric Controller and Supply Company, 
Cleveland, Ohio. A magnetically controlled reversing mechan- 
ism. 

870,085. DYNAMOELECTRIC MACHINE. Dugald C. Jackson, 
Madison, Wis. The- commutator has an integral conductor of 
high resistance. 


870,068. FIRE-ALARM. Robert M. Whipple, Mayfield, Ida. A 
fluid thermostat. 


870,078. ELECTRIC SWITCHING APPARATUS AND CONTROLL- 
ING APPARATUS THEREFOR. Alfred Blackmore, Kensing- 








ton, London, England. A switch alternately opened and closed 
by a power mechanism which is controlled electrically. 


870,080. TROLLEY WHEEL. Charles P. Bostian and Homer C. 
Bostian, Milton, Pa., assignors of one-third to Harry R. Frick, 
Milton, Pa. The harp has a hinged side. 


870,102. ELECTRIC SIGNALING APPARATUS. Felix B. Herzog, 
New York, N. Y. A call-box telegraph. 

870,189. TRACK-RELAY. John D. Taylor, Swissvale, Pa., assignor 
to Union Switch and Signal Company, Swissvale, Pa. An alter- 
nating-current relay. 

870,141. AUTOMATIC STARTING DEVICE FOR ALTERNATING- 
CURRENT VAPOR-LAMPS. Carl H. Vom Baur, New York, 
N. Y. A magnetic means for rocking the lamp. 
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870.035.—DyYNAMOELECTRIC MACHINE. 


870,145. ELECTRIC SIGNALING SYSTEM FOR RAILWAYS. 
Harry J. Warthen, Washington, D. C., assignor of one-third to 
Andrew J. Hurley and one-third to Walter A. Reiss, Washington, 
D. C. A signal for a third-rail system. 

70,147. MULTIPLE-UNIT-CONTROLLING SYSTEM FOR ELEC- 
TRIC LOCOMOTIVES OR MOTOR-CARS. Ragnar Wikander, 
Westeras, Sweden. Means are provided for controlling the 
respective voltages supplied to the motors. 

870.149. SYSTEM OF ELECTRICAL DISTRIBUTION. Joseph L. 
Woodbridge, Philadelphia, Pa. A  direct-current distributing 
system, controlled by a battery and booster, and drawing its 
power from a three-phase system. 

$70,150. SYSTEM OF ELECTRICAL DISTRIBUTION. Joseph L. 
Woodbridge, Philadelphia, Pa. A booster for battery charging. 

870,166. ELECTRIC CLUTCH. Noah S. Harter, Waukegan, II1., 
assignor to American Steel and Wire Company, Worcester, 
Mass. A magnetically controlled friction clutch. 






































870,149.—SysTEM OF ELECTRICAL DISTRIBUTION. 


870,168. INTERCOMMUNICATING TELEPHONE. William W. 
Henry, Wollaston, Mass., assignor to Samuel H. Couch, Boston, 
Mass. The lever of the commutating switch is removable. 

870 169. APPARATUS FOR MAKING RAIL-BONDS. Albert B. 
Herrick, Ridgewood, N. J., assignor to the Electric Railway 
‘mprovement Company, Cleveland, Ohio. A former for making 
looped bonds. 

$70,187. WALL-INSULATOR. Fred M. Locke, Victor, N. Y. A 
wall-insulator with discs surrounding the central tube. 

870,198. ELECTRICAL HORN. William E. Russell, Danbury, 
Ct. The diaphragm is vibrated by an electromagnet. 

$70,233. PROCESS OF MANUFACTURING REFLECTOR INCAN- 
DESCENT LAMPS. Howard Gilmore, Brookline, Mass. A flex- 
ible reflector is slipped through the neck of the bulb before 
sealing. 


870,253. ELECTRIC COMPENSATOR. Edmund O. Schweitzer, 
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Chicago, Ill., assignor of one-half to John J. Schayer, Chicago, 
Ill. A temperature compensator. 

870,262. THERAPEUTIC LAMP. Julius B. Wantz, Chicago, III., 
assignor to Victor Electric Company, Chicago, Ill. A hooded 
lamp. 

870,310. ROTARY PUMP. James J. O’Donnell, Paducah, Ky. An 
electrically driven pump. 

870,318. DYNAMOELECTRIC MACHINE. Mathias Pfatischer, 
Philadelphia, Pa., assignor to Electro Dynamic Company, New 
York, N. Y. An interpole machine. 

870,326. ELECTRIC FURNACE. Frank J. Tone, Niagara Falls, 
N. Y. The resister is built up of shaped pieces. 




















870,187.—WaALL-INSULATOR. 


870,828. ELECTRIC SIGNALING MECHANISM. Jean F. Webb, 
Jr., Chicago, Ill., assignor to Electric Signagraph and Semaphore 
Company, Chicago, Ill. A step by step controlling mechanism. 


870,841. INCANDESCENT LAMP. Herman Boehm, Youngstown, 
Ohio. A cylindrical lamp with flattened ends. 


870,353. CIRCUIT-CLOSER. Theodore M. Foote, Allston, Mass. A 
circuit closer for cleck mechanism. 


870,868. INSULATING BOARD OR SLAB. George Kelly, Hinsdale, 
Ill. A board built up of printed sheets of paper cemented 
together. 


870,376. CONTACT-GALVANOMETER. John W. Manley, New 
Barnet, England, assignor of one-half to the Electric Safety 
Appliances Company, limited, London, England. The con- 
ductors leading to the moving part are twisted together. 


870,404. TIME-CONTROLLED ELECTRIC SWITCH. John W. 
Wood, Mobile, Ala., assignor of two-thirds to Charles W. Stan- 
ton and James H. Zelnicker, Mobile, Ala. A spring-actuated, 
clock-controlled switch. 

870,466. ELECTRICAL SIGNALING SYSTEM FOR RAILWAYS. 
Harry L. Rider, Oil City, Pa. The signals are operated by) 
track stop-plates. 








870,313. —DYNAMOELECTRIC MACHINE. 


870,486. CONDUCTING-WIRE SUPPORT AND INSULATOR. Har- 
vey W. Wistner, Ogden, Utah. A split insulator. 

870,490. COMBINED ELECTRIC CONNECTOR AND SWITCH. 
Stephen F. Burbank, Wilmington, N. C. <A couplifg for a 
number of insulated conductors. 

870,495. AUTOMATIC RESOLDERING DEVICE FOR ELECTRI- 
CAL PROTECTIVE APPARATUS. Frank B. Cook, Chicago, III. 
A repair device for thermal protectors. 

870,518. PROCESS OF PRODUCING CARBON TETRACHLORID. 
Frederick J. Maywald, New York, N. Y. Chlorine gas is passed 
through electrically-heated incandescent carbon. 

870,525. ADVERTISING DEVICE. Charles C. Bonnert, Baltimore, 
Md., assignor of one-half to Jerome I. Vogeler, Baltimore, Md. 
An incandescent lamp enclosed in a bottle. 

870,530. INDIVIDUAL PROTECTOR UNIT. Frank B. Cook, Chi- 
cago, Ill. A fuse holder. 
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